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() Abstract

A Level 2 probabilistic risk assessment of the Perry Nuclear Power Plant has
been performed in response to the NRC Generic Letter No. 88-.20 dated November
23, 1988 reque*. ting an Individual Plant Examination for Severe Accident
Vulnerabilitles - 10CFR50.54(f).

The primary results are a delineation of the likely frequency of core damage
as the result of internal initiating events including internal flooding and
the expected frequency and magnitude of fission product release as the result
of the containment response following core damage. In addition the specific
contribution of decay heat removal failure to core damage has been assessed.

_

The total core damage frequency is approximately 1.3 X 10" per year,
anticipated transients without scram and loss of offsite power are the major
contributors to core damage. Containment failure as the result of steam over
pressure is the dominant contributor to offsite releases.
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l.0 EKECtfTIVE SlfMMARY

This document presents the results of the Level 2 Probabilistic Risk
Assessment (PRA) performed in response to tLe NRC Generic letter (NRC, 198El)
which requested each licensee to perform a plant examination of each of their
nuclear pover plants to search for vulnerabilities to severe accidents and
propose cost effectivt saf ety irnprovements that reduce or eliminste the
importent vulnerabilities. The content and format of this report is in
accotJence with the NRC submittal guidance document (NRC, 1989) and provides
safficient information to show hov the results vere obtained and how they can

be reproduced.

This summary includes a discussion on the background and objectives (1.1),
the plant familiaritation activities (1.2). the overall rnethodology (1.3),
and a summary of the major findings of the study (1.4).

1.1 BACKGROUND @D OBJECTIVES

The Commission issued a policy statement in 1985 to the effect that, based on
available information, existing plants pose no undue risk to the public
heal 1 and safety and that there is no present basis for immediate action on
generic rulemaking or other regulatory requirements for these plants.
However it was decided that a systematic evaluation of each plant vauld be
beneficial in that it would provide information on any plant-specific
vulnerabilities to accidents and, through their resolution, enhance safety.

O In additicn to identifying each vulnerability it was Jecided that unlike many
earlier PRAs, the 1PE should be per f orrned by a team in which utility
personnel played a major part an recommended in the generic letter. Thus the
IPE vould ensure that utility personnel also achieved the folloving:

1. The development of an appreciaticn of severe accident behavior.

2. An understanding of the most likelv severe accident sequences
that could occur at the plant.

3. The gaining of a more quantit. ive understanding of the overall
probabilities of core damage h;J [isSioD product release.

4. If necessary, the reduction of the overall frequency of core
d vage and fission product releasa by nadification, where
appropriate, of hardware <.r procedures that would likely prevent
or mitigate severe accide ts.

It was considered that these objectives, and the additional CEI objective of
having a - hiing PRA, vould best be achieved by performing a PRA. 'I he

advantage ;>f having a living PRA is that it could be used in t.4e future for
some or al 't the following uses:

1. To compare the costs and benefits of various proposed equipment
mcdifications.

O 2. To establish what, if any, improvements should be made to
procedures.

Page 1-1

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



-___--_____ _ - _ _

3. To identify which accident sequences should be used for operator
retraining.

4. To determine the variations in risk for a range of maintenance
options tor a given plant state.

S. T, evaluate propused changes to Technical Specifications or
limiting conditions of operation.

It should be emphasized that the involvement of CEI personnel in all aspects
of the analysia and the development of the plant models and appropriate
support documentation has ensured that the PRA represents the risk posed by
the Perry Plant as accurately as possible, and therefore enables tne above
objectives to be met.

1.2 PLANT FAMILIARIZATION

The project team consisted of five CEI engiraers (3 full time and 2 part
time) and e number of engineers from Halliburton NUS Environmental
Corporation, Gilbert Commonwealth and Associates and Gabor Kenton and
Associates. One of the CEI personnel had over seven years experience in the
operations department at Perry, vhere he served as Operations Enginearing
Human Factors Unit Lead Engineer, and played a major part in developing the
emergency operating procedures, as a member of the BVR Ovners Group Emergency
Operating Procedures Committee. A second member Jf the group was also SRO
certified. The other CEI engineers had considerable plant experience as
members of either the Independent safety Engineering Group or Mechanical
Design Section on site at the Perry Plant.

As the study was performed on site at Perry, visits vere made to the unit
whenever plant-specific information concerning the layout of components,
maintenance practices, or specific operational information was required. In
addition, there was ready access to the latest drawings, operational and
training experience, and the appropriate design, licensing and maintenance
engineers. All vork products vere reviewed by CEI personnel directly
involved in plant operation and destgr. as well as by independent review
teams.

1.3 OVERALL HETHODOLOGY

The methodology used to perform the IPE for Perry is the performance of a
Level 2 PRA. The specific approach used is very similar to that used in the
recent Sandia PRA of Grand Gulf for the NRC (NUREG/CR-4550, Drouin, 1989).
Fundamentally-this is based on the use of event trees to develop the sequence
of events following a plant transient or loss of coolant accident and fault
treen to model the potential system failures at each phase of the sequence of
events.- Each individual core damage sequence following a transient or loss
of woolant accident is quantified by linking together the fault trees for the

||potential system and support system failures. The results of the
quantification define the combination of component or other failures that
vill lead to inadequate cooling of the core and failures of the containment
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- systems designed to prevent or mitigate the telease of fission products.
The fission product source term resulting from core damage is determined by
extending the analysis of events through the phases of cete damage, vessel
failure, containment failure, and, ultimately, telease of fission products.
In order that this process may be represented in a logical manner, an

-- Accident Progression Event Tree (similar to that used in the Grand Gulf study
reported in NUREG/CR-4551, (Brovn, 1990)] is developed to reptesent the range
of possible events associated vith containment loading mechanisms such as
steam generation, hydrogen generation and combustion and the subsequent
variations in pressure and temperature within containment. In order to

investigate these evente the MAAP code was used to model core meltdovn,
vessel failure, hydrogen generation and burning, and the corresponding

t.

i variations in containment pressure. A containment capacity analysis was
performed to determine the variour failure modes and ultimate capacity. The
comparison of the pressure transients and their frequency with the results of
the containment ultimate strength analysis enables the frequency of s

containment failure in the different modes to be determined.

Finally the source terms for the various containment failure scenarios
identified above vere estimated bano on the votk done by Sandia National
laboratories for the evaluation of severe risks (Brown, 1990) and the use of
new MAAP analyses for dominant sequences in each telease category.

The methodology ustd to perform the analysis is d cribed in more detail in
Chapter 2. As the PRA aimed at identifying specific sitengths and vcaknesses
of the design and operation at Perry, particular emphasis was placed on() ensuring that the infortnation used to perform the study (P&TD, operating
procedures, maintenance experiences) represented the current condition of the
plant (January 1990).

,

Particular attention was paid to the relationship between system failures
following a plant trip and the actions that the operators would take in
accordance with the Plant Emergency Instructions (PEI). In this vay the PEls b"

vere integrated into the system and sequence analysis so that not only
individual operator actions could be assessed but also combinations of
operator action required to prevent development or continuation of a sequence
of failures that vould lead to core damage. The evaluation was based on a
careful reviev of the PEIs related to each scenario. Training and
operational staff vere interviewed to enhance the qualitative understanding
of the way in which the operators use the procedures in the course of a
sequence, and to assist in quantifying the failure probabilities of key
actions. Measurements vere made of the time taken to perform a number of
actions outside the control room in order to ensure that proper credit was
given for the operators performance following various system failures.

Plant-specific data vere collected and analyzed for system maintenance

outages and initiatiag event frequencies.

One very important feature of the methodology is that the entire Level 1
analysis including the internal flooding vas per f or med on the NUPRA
vorkstation (Fulford, 1989). The Level 2 analysis is captured on the NUCAP4
(Fulford and Sherry, 1991) and the NUKEG-ll50 EVNTRE software, which enabled
the project team to develop a completely integrated model from initiating

event to source term release, for use on a personal computer. This is
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essential for the establishment of a living PRA, i.e., one which can be
easily maintained and modified as changes are made in design and operation of
the plant. The workstation model is fully supported by a comprehensive set
of analysis files (engineering calculations), vhich detail the assumptions
and information sources used at each stage of model development.

A formal Project Plan was developed for the project to ensure the appropriate
level of review and documentation. The work products vere reviewed at each
stage, both initially Ly project team members and externally by engineering
and operations personnel at Perry. In addition an independent reviev vas
performed to ensure consistency vithin the overall methodology. All comments
received have been addressed and retained vithin the appropriate analysis
liles.

An independent verification program as defined by our quality assurance
program and engineering criterion for technical practices vill be implemented
to allov utilization of the PRA as an approved methodology for review and
analysis by the Perry staff.

1.4 SUMMARY OF MAJOR FINDING 3

1.4.1 Summary of Core Damage Prequency for Internal Events

In order to differentiate between core damage and fission product release the
various accident sequences vere oeveloped for two sets of bounding
conditions. The first set of conditional event trees vere developed to ||determine the frequency of accident sequences in which an initiating event
and subsequent system failures vould lead to core damage. Core damage is
defined as failure to maintain the vater level in the vessel above the
Minimum Zero Injection */ater Level nr, in the case of ATVS, failure to
maintain the maximum cladding temperatures belov 2,200'F, with no possibility
of recovery ot injection in the short term. This set of event trees were
defined as the core damage event trees.

A second set of plant damage state event trees vere developed for the plant
damage states, and in this case consideration was given to recovery of
in-vessel cooling to prevent vessel fallute, and to operator actions that
affect the accident progressien, containment loading, and fission product
behavior. This second set of event trees gives the frequency of the
contribution to the varicas fission product releases or source terms. In the
case of the loss of offsite power and station blackout events these vere
developed to accurately model the varicas rtages at which offsite power
recovery would enable recovery of late injection either before vessel or
containment failure.

point estimste frequency of co events excludingThe
is approximately 1.2 X-10~ge damage from internalflooding per reactor year. This was composed of

21 core damage frequencies with an annual frequency of greater than 10'' and
which contributed 86% of the overall core damage frequency, and an additional
89 sequences with a point estimate frequency of greater than 10" /yr which
contributed the remaining 14%. 'Ihe accident grouping by initiating event is &shown in Table 1-1. The quantification is described in detail in W
section 3.4.1.1.
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We cumulative distribution function for the core damage frequency is shown
in rigure 1-1. We significant parameters of the uncertainty analysis
frequency distubution function are as follows.

Mean 1.4 X 10"*
Standard Deviation 3.9 x 10 ''95th Percentile 2.5 x 10'
Median 1.1 X IC '
5th Percentile 6.2 x 10''

he dominant accident-initiating event type is anticipated transient without
scram (ATWS) at 40.7 porcent. Transients contribute 25.0 percent, station
blackout 19.3 percent, and loss of offsite power 12.4 percent. As a complete
class, toCAs contribute 2.6 percent. The individual sequences contributing
to each initiator are shown in Table 1-2 and those contributing to 95 percent
of the core damage. frequency in Table 1-3.

An : event importance analysis was performed on the overall core dam ge model.
In this analysis the relative importance of each basic event was calculated
with respect to three different measures. We three measures are
russell-Vesely, risk reduction, and risk achievement.

The 'dcminant basic events ranked in -order by russell-Vesely and risk
reduction measures are shown in Table 1-4. he russell-Vesely importance is
a measure of the contribution of the given component to the overall core

O damage frequency by comparing the sum of all cutsets in which that basic
event occurs with the sum of all cutsets. W e risk reduction measure shows
the ratio of the original core damage frequency to the reduced core damage
frequency if the component was perfect or its failure probability is zero.

It should noted that the ranking of events by the russell-vesely measure and
the risk reduction seasure are identical so the highest ranked items for
these two measure are discussed in the following paragraphs.

The most important basic event for risk reduction is the mechanical failure
of the control rods (CM) preventing insertion into the core given a signal to
shut down the reactor. his is the single event following any transient
initiator which will lead to the A7WS scenarios which in turn contribute 40.7
percent to the core damage frequency.

We second important basic event for risk reduction is the loss of offsite
power - (T1). his initiator _ leads to station blackout sequences (19.3
percent) and loss of offsite power sequences (12.4 percent). Core damage
sequences following the losc of offsite power initiator thus contribute 31.7
percent to the core damage fr'rquency. The russell-vesely impattance is 0.32-

with a risk. reduction of 1.47.-

Failure of the operator to maintain availability of the power conversion
system (PCS) (NSHICPEC5-2-LIT 3) for an A7WS resulting from a transient with
PCS initially available or Ic.(s of feedwater transient, is the third most

O leading to loss of RPV 3cvel will result in closure of the MSIV in all cases.
important basic event. It has been assessed that the feedvater runback

his basic event was set to 1.0 and occurs in the dominant sequences of the

|: Page 1-5
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' 're !ht- Pussell-vesely importance is 0.27 with a risk reduction of 1.38.
*

#o initiating event transient with PCS available (T3A) in the fourth most
: 4 portant basic event. This event contributes to the dominant AWS sequences I
; ..od has a russell-Vesely irnportance of 0.25 with a risk reduction of 1.34.

Failure of the operator to re-open the motor feed pump control valves et
runually depressurize the RPV ( nalICPEL- 2-ITM-V) during an AWS event
following a transient with a loss of PCS is the fifth most important basic
event with a russell-Vesely importance of 0.25 with a risk reduction of 1.33.

De initiating event transient with PCS not available (T2) is the sixth most
important basic event. This event contributes to the dominant A WS sequences
and has a russell-Vesely importance of 0.23 with a risk reduction of 1.30.

The seventh important basic event is the failure 'of the operator to inhibit
ADS ( ADilICPC5-1-AI,S-0) (or A NS scenarios where the feedwater system has
failed. The russdl-vesely importance of this basic event is 0.22 with a
risk reduction of 1.2A. The failute to inhibit ADS in other sequences is
modeled by different basic events as they have different values. The
sensitivity of the ::esults to this event is discussed in section 3.4.1.6.

The failure of the containment anchorage (Cv05) is the eighth most important
basic event. This is included in any sequence in which RPV injection is
successful but long-term containment heat rernoval f ails, n e russell-vesely
importance is 0.15 with a risk reduction of 1.17.

Non-recovery of' offsite power in 3 hours (R15) leads to sequences in to0P and
station blackout contributing 12.8 percent to the core damage frequency. He
ressell-h@f importance is 0.13 with a risk reduction of 1.15.

The failure of the 4,160 VAC bus Dil2 can fail all equipment which requires
division 2 power. The russell-Vesely importance is 0.12 with a risk
reduction of 1.13. Failure of this bus will prevent the opening of the valve
in the vent path inside containment and therefore result directly in failure
of the ability to vent containment. Failure of the division 1 pcver to the
outboard valve can be overcome by manual opening of the valve, thus failure
of division 1 power has a much lower importance value.

Of the next six basic events in importance, four are failures of either the
Division 1 and 2 diesel generators to supply powet or the non-recovery of
offsite power. These basic events contribute to both LOOP and station
blackout sequences.

Two of the next eight basic events are failures to provide alternate
injection to the RPV via the fire protection system. The fire protection
system my be used when other alternate injection systems are unavailable due

,

to non-recovery of offsite power.'

Similar information was generated for risk achievement worth. Risk,

; achievement worth is derived by calculating the core damage frequency with a
j given event failure probability set equal to 1.0. This is equivalent to

determining the core damage frequency if the component is failed at the timei

of the initiating event. The dominant basic events ranked in order by risk
achievement worth are shown in Table 1-5.
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O We dominant basic event as measured by risk achievenent is the mechanical
failure of the control rods to insert into the core (CM). In this case, the

probability that the control rods fail leading to an AWS following all
initiating events is 1.0 and shutdown is only achieved by use of the standtry
liquid control system.

The next basic event is the connon cause failure of the ECCS pump tcom
coolers (EPTACCEPRCS). These coolers provide heat removal from the pump
rooms. The common cause failure was assessed to be low enough cuch that
setting it to 1.0 would significantly increase its contribution to core
damage frequency.

We third basic event in importance as ranked by risk achievement is the
failure of the Division 2 4,160 VAC bus, EH12, (D3nALClR2250006), railure of

-

this bus would cause a loss of all equipment powered from Division 2
including low pressure coolant injection, heat removal equipment, and
containment venting equipment.

Common cause failure of the batteries (DCBTCC) is the fourth most important

basic event. As DC power is required for all systems and the batteries are
required for any station blackout event, the connon cause f ailure of the
batteries is relatively important.

We next three basic events are connon cause failures of diesel building
ventilation fans, dampers and louvers (DBMFCC, D MDCC, and DDLVCC). @ese

O components support the operation of the diesel generators and are required
following a loss of offsite power.

The initiating event for a Large LOCA (A) is the eighth basic event in risk
achievement importance.

Of the next ten ranked basic events, six are cornon caur.e basic events.
Common cause is very high in risk achievement worth because the redundant

-

components are failed at the same time. Setting the common cause basic
events to 1.0 therefore significantly increases the core damage frequency.

1.4.1.1 vulnerability Screening

A concise definition of vulnerability has not been given in either tne
documentation associated with the performance nd reporting of the IPE or at

toquestionsinAppendixCtothesurfsittalGuidanceDocument(tmC,number of gatherings held to discuss the pe formance of the IPE. In thea
response
1989), mention is made of examining sequencei that are above the screening
criteria in order to determine if a aeakness exists. Thus the word weakness
replaces the word vuli,erability but, neither is defined in numerical or
comparative terms. In another respobse it is suggested that a vulnerability
is an outlier. The ! N ARC Severe Accident Issues Closure Guidelines (!UMARC,
1992) proposes a set of guidelines based on a combination of the core damage
frequency for a group of sequences and the individual centribution from a

If the contribution from a given initiator or system failuresequence group.

O is greater than 50 percent to the total core damage frequency it is
interpreted as a significant vulnerability, if it contributes 20-50% it is
interpreted as a potential vulnerability to be investigated. Similarly,
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contributions from sequence groups between a core dan ge frequency of 10" to
10" should be reviewed to determine if there is an effective plant procedure
or hardware change which would reduce the frequency of the sequences.

The functional accident sequence groups, the definition of each group and the
frequency of sequences in each group are shown in Table 1-6. It can be seen
from this table that there are no significant vulnerabilities as defined in

the previpussectionas all the accident sequence groups have a frequency
below 10- and no group contributes more than 50% to the ovetall core damge
frequency. However there are two groups of accident sequences that

|

contribute between 20 and 50 percent. Group 4 which is made up of accident I

sequences involving anticipated transients without scram leading to core
damage, containment failure and subsequent loss of inventory, and Group 2
which is mde up of accident sequences involving loss of containment heat
removal leading to containment failure and subsequent failure of coolant
inventory mke-up.

Group 4

The contribution to core damage from sequences in this group comes primarily
from A7WS sequences in which the motor feed pump has failed to inject water
and ADS has not been inhibited resulting in rapid depressuri;:ction of the RPV
and injection of low pressure ECCS. This leads to a series of reactivity
oscillations resulting in generation of large quantities of steam and
ultimately containment failure and core damage. In these sequences, the

; potential vulnerability is the failure to inhibit ADS. However, the
'

sensitivity analysis that uses the plant operating data for cycles 2 and 3
will reduce the frequency of the initiators which contribute to this group
and consequently directly reduces the contribution to core damage frequency
of these sequences from 34% to approximately 15%, which is no longer a
potential vulnerability in terms of the tJUMARC criteria.

Group 2

The contribution to core damage from sequences in this group comes from a
failure of containment heat removal leading to containment failure and
subsequent loss of injection. One of the reasons that this is a significant
contributor is that the containment design at Perry is such that
approximately 15% of containment failures lead to injection failure. One
potential modification considered, a passive vent, if fitted would reduce the
containment failure frequency, with the core damage frequency also being
reduced. This would also have an impact on source term magnitude and is
further discussed in the containment evaluation in section 1.4.3.2.

1.4.2 SUMMARY OF CORE DAMAGE TFJ4WE!JCY I' ROM I!7TERNAL FLOODItJG
._

The contribution to core damage from floods is 1.5 X 10' per reactor year
which is approximtely 12 percent of the overall core damge f requency. The
contribution from each flood area is shown in Table 1-1 and Figure 1-4.

The most significant contribution is from floods in Zone 13 in the control
complex at elevation 576 ft. The total contribution from floods in this area
is 8.8 X 10- per year or 7 percent of the total core damage frequency which
is approximately the same as the contribution from loss of instrument air.
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-In the event of a flood in this zone, the mjority of the damge is done to
. the support systems (control complex chilled water, emergency closed cooling

pumps, and instrument and service air).

second highest contributor is flooding in ZThe
the 599' level with a frequency of 3.2 x 10'pne 17 in the control complexL at per year (2.4%). Floeds in

this area will flow through doors and down to tone 13, which then has the
impact on the support equipment as a flood in Zone 13. We results ofsame

the flooding analysis are discussed in section 3.3.7

1.4.2.1 Flooding core Damage vulnerabilities

nere are no vulnerabilities associated with internal flooding following the
tamARC definition. ne total contribution to core damage frequency is 12-
percent from all floods, and flooding in the most significant area, zone 13,
only contributes 7 percent to the overall core damage frequency.- This
sequence is based on conservative assumptions assuming the availability of
injection systems and therefore the current procedures for maintaining vessel
injection will ensure that optimum use will be mde of the systems, and the
potential core damage frequency minimized.

1.4.3 SimMARY or cottrAItMttrr EVAtMATION

ne containment evaluation was conducted in two phases. In the first phase,
the strength of the containment was determined and in the second, the
accident progression and fission product release following core damage were
evaluated.

he results of the containment analysis performed by the- Perry plant
architect that designed the containment indicate that the median pressure
capacity is 64.3 psig compared with the design pressure of 15 psig. %e
potential failure modes under severe accident conditions will vary according
to the accident progression, and msy also affect the accident progression.
We two failure modes of concern are penetration failuren resulting in steam

. release : from the shield building to the-- auxiliary building through the
penetration seals, and anchorage failure which would result in loss of the
suppression pool as the water is expelled to the shield building and adjacent
buildings. _The latter event would also result in drywell' trypass.
Additionally, anchorage rupture can result in a direct radiological release
to the environment. Penetration failures would commence with a small leakage
area and increase with containment pressure. Concrete and steel anchorage
failure would result in gross failure of the containment vessel from the mat
foundation.

We level one analysis identified a number of sequences in which gradual
steam overpressurization would occur as the result of failure of containment
heat removal, but successful injection of water to the vessel. In this case
-it is necessary to identify what. proportion of-the containment failure will
'Icad to failure of the injection systems and therefore core damage in a
failed containment. This analysis resulted in the identification of a
function designated CV in the level one analysis. The' exact value of this

O containment
function is dependent upon the injection system operating at the time of

failure as well as the containment failure mode. %e total
_ contribution to core damage resulting from internal event sequences in which
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10" gradual steam overpressurization results in containment failure is 2.6 xa
/per year or 22 per cent of the core darage f requency. These sequences

are included in Group 2 in Table 1-6. In the importance analysis in
Table 3.4.1-7 it can be seen that the highest ranked functior is CV05
(eighth) and that functions CV01 and Cv03 are ranked 31st and 38th
respectively. As discussed in section 1.4.1.1, a means of mitigatir'g
excessive containment pressure buildup such as the fitting of a passive vent,
could reduce the frequency of containment failure and the frequency of
failure of the injection system, and the f requency of core danage within a
failed containment.

The level two analysis plant damage state grouping also shows that Critical

(non-shutdown) ABG resulps in a failed containment tefore core damage with a
frequency of 5.6 x 10' which represents 4.4% of the total core damage
frequency.

For those sequences where the containment is intact at the time of core
danage , the progression of the accident was evaluated by une of the Modular
Accident Analysis Program (MAAP) and the construction of an Accident
Progression LNent Tree in order to account for the uncertainties surrounding
events during the course of the accident. Particular attention was paid to
the generation of hydrogen and the impact of hydrogen burns, the potential
for pedestal overpressurization, and pedestal core concrete interactions.

The plant damge state profile from the level 1/2 interface is: 0%

containment bypass; 77% containment intact at core dam ge (91 - Station
Blackout, and 681 - transients and other event types with AC pwer
available), 231 - containment failed at core damge (4.41 - critical (not
shutdown) AWS sequences, 4.3% - Loss of of f site Power and Station Blackout,
and 14% - other events).

The Accident Progression Event Tree stmimary results for containment
performance are: no containment failure - represents a 3p conditional
probability given core damge and a frequency of 5.0 x 10~ containment,

venting - represents a 291 conditional probability and a frequency of 3.7 x
10" , and containment structural failure - reoresents a 32% conditional
probability and a frequency of 4.0 x 10" . The conditional probability
estimates of the detailed containment failure modes evaluation are: 50.8% -
in-vessel cooling and no PSV failure; and the balance of the sequences with
RPV failure (49.2%) is composed of: 12.41 - no containment failure, 101 -
venting with a damaged core; 7.4% - late containment failure; 3.4% - early
containment failure with no pool bypass; and 16.11 containment failure with

'

pool bypass. These results are shown in Table 1-7.

As in the case of the other B W 6 plants with Mark III containments, the
hydrogen ignitors are AC powered. Consequently station Blackout sequences
rewult in loss of the ignitors. However, as the total contribution to core

! dam ge from Station Blackout sequences is only 91 and the contribution to
containment structure failure as a result of hydrogen burns is less than 5
percent, the addition of a backup power supply would not significantly impact
the source term release given the other contributions to containment failure
at the present time.
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f) 1.4.4 COMPARISCt1 OF _REStrLTS WIW OWER SWDIESv
1.4.4.1 Core IMmace Frequency

The mjor Wrpose of this study was to ensure that the PRA redel developed
by the project team was understood by the CEI staff at Perry and represented
the as-built as-operated condition at Perry as far as possible. Guidance for
performing the IPE indicated that 1.eavy reliance could be placed on the
results of previous studies for similar plants, in this case the Grand Gulf
study performed as part of the imC program in 1987 and reported in
t m G/CR-4550 and tUREG/CR-4551. 110weve r it was decided that if the e
completed PFA was to be used as a living PRA the succccs criteria and plant
models would have to be developed for the as-built condition of the Perry
plant and incorporate the latest understanding, as presented by the twR
Owners Group, of the required response by the operations to A WS events, and
the thermal hydraulic performance of. the core when the water level is below
the top of active fuel.

In addition, a plant-specific human tellioility analycis was performed so
that the impact of the current emergency operating procedures on the
operator's response to the initiating events would be correctly incorporated
in the event and fault trees.

It can be seen in Table 1-8 that as the ren it of incorporating the
plant-specific insights into the models and develop.ng a completely new set

p of event and fault trees, the corp dam ge frequency from internal events at
Q Perry is approximately 1.2 X 10~ compared with 4.0 X 10" at Grand Gulf

(!NREG/CR-4550). ne design featutes are compared in Table 1-9. We results
frem the analysis of BWR/6s in Taiwan (Kuosheng) and Spain (Cofrentes) are
also included in Table 1-6 for coreparison purposes. It was not possible to
compare the results with the IPEs for Grand Gulf, Clinton or River Bend as
the IPE sulnissions were not available at the time of prcduction of this
report.

The only significant differences between Perry and ! W G/CR-4550 (Drouin,
1989) are in the results for anticipated transient without scram, transients
without the power conversion system avaliable and loss of instrument air.
Some of the reasons for these differences are discussed in the following
paragraphs.

It can be seen from the table that there is a wide variation in the
assessment of core damage frequency following an AWS in the four studies,
ranging from less than 10' to 2.6 x 10" , a factor of over 250. ne
specific reasons for the differences between the IUREG/CR-4550 core dsmage
frequency and the Perry frequency are the result of different success
criteria being used in the two studies. In the Perry study the latest
information from the BWR/6 Mark III Issues Committee of the ENR Ownets Group
that the High Pressure Core Spray can not be used to maintain vessel level
has been incorporated. In the NUREG/CR-4550 study it was assumed that if
HPCS started, successful injection would be achieved. Wher. it is assumed
that HPCS can not be used for high pressure injection the feedwater systemg) becomes importEt. At Pe Ty runback occurs following ANS requiring the(
operator to take control to restore feedwater injection and mintain level.v

W e net effect is to place dependence on the operator to achieve the required
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plant status. The quantification of the operator actions based on a detailed h'evaluation of the PEI combined with the system failutes resulted in the AWS
core damage frequency of 4.74 x 10" .

The only other two initiators for which there is a significant difference
betwen the Perry and IUREG/CR-4550 studies are the Transient with loss of
PCS (1.7 x 10" at Perry comp"ared with 1.3 x 10" in !UREG,/CR-4550), and loss
of Instrteient Air (1.0 x 10 conpared with less than 10~ ). In the case of
loss of PCS the failure of recavery of PCS in the IUREG/CR-4550 study is two
orders of magnitude lower than at Perty. mis is not in line with the
generally applied value which has been used in the Perry study. Similarly in
the loss of instrument air it is considered that non-conservative recovety
actions have been used for the tUREG/CR-4550 study.

1.4.4.2 containment Evaluation

20 Perry IPE level 2 containment analysis uses the same Event Progression
Analysis (EVtTTRE) code applied in the Grand Gulf IUPEG/CR-4551 study (Brown,
1940) to transpose the severe accident analysis phenom nological framework of
the template Mark III reference study and to model the many dependencies
associated with containment loading mechanisms such as steam generation,
hydrogen generation and combustion, and the subsequent variations in pressure
and temperature within the containment. The Perry IPE Accident Progression
Event Tree consists of 68 questions which address the four general time
frames of accident progression: initial, early, intermediate and late. The
more extensive IUREG/CR-1551 Grand Gulf evaluation cotuisted of 125
questions.

To evaluate the impact of interruption of power to the hydrogen ignitors, the
Perry APET addresses the hydrogen combustion phenomena in a similar manner to
the IUREG/CR-4551 Grand Gulf APET. We Perry APET models the recovery of
offsite power before RPV failure as well as after RPV failure, and possible
variations in hydrogen concentration at the time of power restoration are
evaluated including the possibility of detonable concentrations.

The Perry IPE use of the same event progression analysis code as the
IUREG/CR-4551 template study enables a good transfer of phenomenological
modeling as well as of the quantification taases. The Perry APET routinely
references the IUREG/CR-4551 template study and transfers many of the event
models, such as the bounding model of alpha mode steam explosions. Ilowever,
the primary reference for modeling phenomenological parameters is the EPRI
maintained t%AP code 3.0B.

One parameter was found to be important when performing the sensitivity
analysis of the Accident Progression Event Tree. That was large in-vessel
steam explosions leading to bottom head failure. These phenomena are not
modeled in the MAAP code nor addressed in the EPRI Recommended Sensitivity
Analyses discussed above in section 7.2. The probabilities applied in the
IUREG/CR-4551 template plant study appear to over estimate the risk and are
reduced by a factor of 10 in the base case. Ilowever, if the tcREG/CR-4551
values for large in-vessel steam explosion failure are used, the tuse case
all sequence estimate of 51% for in-vessel cooling and no RPV failure is
reduced to 21%, a 58% reduction.
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() 2.0 X 10" ts. 4.2 X 10" .
G'

We contribution from individual mintenance activities is not large and
cont ribution to planned maintenance for the HPCS and RCIC has altrady been
reduced. We mintenance activities for the UPC3 and RCIC were revised as a
result of the schedule optimization prior to the third operating cycle.
There is a more extensive Systemtic Kaintenance optimization (Sto) in
progress which will result in the optimization of naintenance for all ECCS
systems. Currently preventive mintenance of the HPCS system is only
performed during an outage. Wus, this cceponent of the maintenance outage
is row zero.

It is considered, in view of the low frequency of the contribution to core
damage of the failure of the decay heat function, that no irrediate action is
required to modify the plant design and that this analysis satisfies the
requirements for resolution of unresolved safety issue A-45. The ongoing
systematic mintenance optimization program will ensure that the reliability
of the ECCS system will be maintained at least above that assumed in the
perforrtance of the IPE.

1.4.6 MntwrU(IMPRcrmm4TS

The A-45 evaluation discussed in the previous section and the vulnerability
analysis described in section 3.4.2 shows that there are no vulnerabilities
associated with core dange. However two items are discussed which would
lead to a redaction in the core damage frequency. me improvements and

( impact on core damage frequency are summarized in Table 1-10.

Similarly the containment analysis discussed in section 4 identified
the contributors to containment failure and a number of changes which would
reduce the likelihood of containment failures, given core damge. ne impact
on containment failure frequency is shown in Table 1-7.

The potential plant improvements considered are discussed in the following
sections.

1.4.6.1 Potential Plant Improvements to Prevent Core Damage

Passive Containment Vent Path

One of the sensitivity analyses performed was on the impact of containment
f ailure to loss of RPV injection and subsequent core damage. The addition of
means of mitigating slow excessive containment pressure buildup, such as a
passive containment vent path that does not depend on AC power, would reduce
the core damge f requency for the non-AWS sequences in which loss of decay
heat removal leads to containment failure and results in an overall reduction
of approximately 19% f rom approximately 1.3 x 10" to 1.1 x 10" (includes
flooding events).

Automatic ADS Inhibit for AWS

One of the contributors to core damge frequency fer A WS is manuallyd inhibiting ADS. By installing an automatic inhibit of ADS, those AWS
sequences in which manual inhibit fails would drop out. The overall core
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damge frequency is reduced trj 21 percant from approxistelv 1.3 x 17 to 15

x 10~ 5 As the sequences resulting from tuis failure result in an
uncontrolled flow to the vescel from the low pressure injection syntem with
subsegaent core damage and containment failure, the installation of the aute,
inhibit *uuld reduce the frequency of this set of sequences,

twintenance

Performing mintenance on t.ystens and components is inportant from two
aspects. First, nalntenance is needed to provide assurance that the systems
can p rform their function when called upon. Sccond, because systems are out
of service wtdle maintenance is being performed, mintenance can also have a
detrimental impact on core damace frequency. Current practice is such that
HPCS preventive maintenance is now only scheduled during plant outage. A
Systenati c Paintenance Cptimization (SMO) for all Ecc3 system is now in
progress, awJit is expected that this will tenult in changes in planned
maintenance activities which will reduce the core damage frequency.

1.4.6.2 Desien Consideration for Reduction in Contairment Failure

'Ihe containment bypass as the result of an unisolated breach of the p"rimarysystem outside the containment was determined to be less thaa 10 as
repocted in the Grand Gulf study and therefore does not require any action at
Perry.

Supplement No 3 of Generic Letter 88-20 identified that Mark III containnnt
owners were expected to evaluate the vulnerability to interruption of power
to the hydrogen Agrd tors. 7he modification of the electrical supply to the
hydrogen ignitors to ensure availabilltv during station blackout would remove

| the possibility of high containment loads from hydrogen deflagrations and
detonations. The overall impact of this change on the base case assessment

i in very minor: 1) the containment failure with early/ late pool bypass
frequency changes from 2.04 x 10" t o 2.00 x 10" (-21 change), 2) the
containment structural failure frequency changes from 4.03 x 10- to 3.76 x
10" ( 6.7% change). Thus, a hardware upgrade to provide uninterrupted
electrical supply to the hydrogen ignitors is not warranted.

the base case analysis the frequency" of PM Failure and Carly ContainmentIn

Failure with Pool Bypass is 2.0 x 10 or 16 per cent of the core damage
frequency. In section 1.4.6.1 two modifications were identified which would
lower the core damage frequency. The implementation of the two modifications
would also reduce the frequency of core damage with early containment
failure. The implementation of a passive vent would reduce the contribution
to RPV failury and early containment failure with pool bypass from 2.0 x 10"
to 4.5 ?: 10' which is a 78% reduction. The inclusion of an automtic ADS
inhibit in the event of an A7wS would reduce the RPV fcilure and early!

| containment failure with pool bypass from 2.0 x 10' to 1.8 x 10" , an
approximately 15% reduction. The combined effect of performing both

| mxlifications would be to reduce the contribution to RPV failure and early
| containment 'ailure with pool bypass from 2.0 x 10" to 1.6 x 10~' a 921

reduction.

OIt should also be noted that if frequencies of sctams at Perry based on
operating cycles 2 and 3 is used, the contribution to RPV failure and early

|
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The results of the Perry IFE containment perf ormnce analysis cannot be
direccly compared to the IEEG/CR-4551 Grard Gulf study, due to differen;en
in containment failure modes, plant damage state group f recpencies, and
phenomenological modeling assumptions. The WREG/CR-4551 study was dominated
by Station Blackout (97% plant darrage state f requency) and determined that
hydrogen combustion was the dominate causs of containment failure. Tne Perry
IPE is dominated by shutdown AWS sequences (A WS with successful SLC) and
other transients with Station Blackout accounting for 9% of the plant damage
state frequency. The mcxleling for detric cooled in-vessel is similar, with
the one variance noted above :egarding the estimated value for large
in-vessel steam explosions. When the Perry APET event for large in-vessel
steam explosion is set to the NUPIG/CR-4551 value, the estirated results for
No RFV Failure compare closely, with 21% for the Perry APET and 18% for the
Grand Gulf APL7. 'Ihe Perri APET estimates for the conditional protability of
Containmnt Performance are shown below with the NUREG/CR-4551 Grand Gulf
APET estimates:

WPIG/cR-4551
Perry Grand Gulf

No RPV Failure 51% 18%

RPV Failure and t.o Containm nt Failure 121 5%

RPV Failure and Venting 10% 4 11

RPV Failure and Late Cci.t,. e 2nt Failute 7% 28%

RPV Failure and Early Containment Failure
With No Pool Bypass 3t 22%

RPV Failure and Early Containment Failure
With Pool Bypass 16% 21%

1.4.5 DECAY HEAT RFJKNAL EVALUATION - ISSUE A-45

The objectives of Task Action Plan A-45 are to evaluate the sefety adequacy
of Decay Heat Removal (DHR) Systems in existing light water reactor nuclear
power plants and to assess the value and inpact (benefit / cost) of alternative
measures for improving the overall reliability of the DHR function if
required.

Some potential accidents which could result in core melt were excluded from
the A-45 studies performed by Sandia National Laboratories (S.W. Hatch,
1987). Since the purpose of the program is to study the adequacy of shutdown
decay heat removal systems, larae LCCAs, reactor vessel ruptures, interfacing
system LOCAs and anticipated transients without scram ( AWS) are excluded.
The study fccused on events occutting from power or in hot standby.

The delineation of the accident sequences, system analysis, core damage and
sequence quantification are fully described in sections 3.1 through 3.4.1,

O The concern in issue A-45 is to identify the specific vulnerabilities
associated with sequences identified as potentially leading to core damage if
all injection to the vessel and decay heat removal are lost.

Page 1-13

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ - - - _ -_



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

<

G'he breakdcwn of functional contribution to core damge is shown in Table
i

1-6. The three groups which result in fallute of decay heat removal as the
result of failure of injection contribute 22 percent to cota damage, with
individual contri ations as follows:

Group Description Percentage

la Loss of offsite power and mke-up 13
1E Loss of coolant inventory make-up at low pressure 0
1A Loss of high pressure make-up and failure to

depressurize <1

he contribution to core damage frequencies as the result of loss of decay I

heat removal from containment leading to containment failure and
consequential loss of injection (class 2) is 22 percent of the overall core
damage frequency. Thus 44 percent of the contribution to core dan ge le the ldirect result of failure of decay heat removal either from the vessel or
containment, tathough the overall frequency is not high (5.1 X 10" ) it is
of interest to identify any potential improvements whic% if they could be
addressed cost effectively, would reduce the contribution of decay heat
removal failures to the overall core damage frequency.

The inportance analysis discussed in section 1.4.1 and listed in Table 1-4
identified the individual components wnone improvement would make the
greatest contribution to the reduction in core damage frequency. The highest
ranked component in terms of decay heat removal is the event representing
failure of injection as the result of containment failure (Cv05). This
indicates that the mode of containment failure following overpressurization
is more significant than any individual containment heat removal system
failure. 2erefore an alternative means to prevent containment failure vill
have the largest impact in reducing the core damage frequency.

The contributions from the remaining individual components is small.
Therefore the- improvement of an -individual component will not make a
significant difference to the core damage frequency.

1.4.5.1 Summary of A-45 Evaluation

he core damage frequency resulting from failure of decay hen removM
systems is 5.1 x 10- .per year representing 44 percent of the contribution to
core damage from internal events. This frequency is below 10" and therefore
not a significant vulnerability in frequency terms. Hcvever a review of the
contributions to this failure identified one event which contributed more
than any other to the core damge frequency and for which a possible
modification could be considered. The mode of containment failure results in
a significant probability of injection failure following containment failure
and-subsequent core raelt in a failed containment, with consequent increase in
offsite release. The addition of means of_ mitigating slow excessive
containment pressure buildup, such as a passive containment vent path, would
reduce the frequency of core damage and result in a reduction in offsite
releases. The overall core damage frequency, excluding flooding, would be
reduced from approximately 1.2 X 10" to 9.0 X 10" and the frequency of core
damage sequences with containment failed at core damage is reduced from
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containment failure with pool bypass is reduced from p.0 x 10" to 1.0 x 10''
and with the fitting of the passive vent to 2.0 x 10'

n ere results are summrized in Tables 1-7 and 1-10.

1.4.7 ccNCLUSIctis

The performance of the level 2 PRA in respense to the NRC's request in
Generic Letter 88-20 for an Individual Plant Examination of the Perry plant
has resulted in the CEI gaining a number of insights into the contribution to
risk at the plant. The outcome was the performante of the following
improvem nts during the course of the study.

Loss of offsite Power Instructions

- Retention of RCIC isolation bypass for high steam tunnel temperature
- Enhanced process for crosstieing Unit 1 and 2 batteries
- Enhanced process for offsite power recovery to IIPCs and alternate

injection system bus bars.

Flooding Instructions

- Enhanced alarm response instructions to flooding scenarios.

In addition the following improvements are expected to be made in the near
future.

- Implementation of automatic RIN depressurization for non-A%'S events
(requires industry Emeroency Procedures Group and UMSRC reviews and
approvals prior to design and implementation)
" Fast rirewster" tie between Fire Protection and liPCS

- Permanent Division 3 to Division 2 " quick" connect
- Reduction of Out of Service Time for certain critical components

_.

(already achieved ftr HPCS and RCIC)

The result of the improvements is an overall core dapge frequency for the
internal and internal flooding events of 1.3 x 10~ per year and an RIT
failure with early containment failure with pool bypass frequency of 2.0 x
10- ' per pa r . In the event automatic RIV depressurization is not
impicmented, core dmsge frequency will not increase as plant specific
operating data when incorporated will more than corgensate. Beyond the base
case, a number of additional enhancements discussed in the previous rection
have been identified and are being evaluated further. 110weve r , careful
analysis is required before any further improvements beyond those identified
above are made.

When performing a major analysis of this type, it is necessary to fix the
date for collection of design and operational information, in this case

January 1, 1990. At this time Perry had only completed one full cycle of
operation and therefore little or no operational data was available. 51 'e

that time, it has been possible to include data for maintenance outages or, a

O small number of components. It is clear from the experience in operating
cycles 2 and 3 that the it.itiating event f requencies are significantly lower
than the generic values used in the NRC Grand Gulf study and therefore in the
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Perry study. Thn e f ore, Mfore any further decisions are made concerning
plant improvements the first step will be to update the living Pl% to include
this data, and any design changes made since the ireeze date of
January 1, 1990. In the case of the latter a brief review of. the work
performed during the first two cycles indicate that there have been no major
design changes to the ECCS.

29 enhancements discussed . earlier improve the decay heat removal e

capabilities following an initiating event. It is considered that the
I current core damage frequency, as the result of decay heat temova4 failures,

is within the current guidelines and therefore the results of this study
represent satisfactory resolution of Unresolved Safety Issue A-45 fot the
Perry Nuclear Power Plant.

here were no specific vulnerabilities identified with regard to containment
._

performance in the Perry IPE. The Perry backend containment analysis
indicates that the Perry containment response to severe core damage accidents
is generally similar to that for other IEW6 Mark III plants (e.g,,
NUPIG-ll50 Grand Gulf (NRC, 1989a)).

he containment performance samary results for the Perry rurk III
containment were: no containmenc failure - represents a 39% conditional
probability given core damage and a frequency of 5.0 x 10' * , c;ntainment

venting - represents a 291 conditional probability and a frequency of 3.7 x
10~ ' ., and containment structural failure - represents a 32% conditional
probability and a frequency of 4.0 x 10''. The conditional probability of -

PFJ failure and early containment failure with pool bypass given core damage
was estimated to be 0.16 in the Perry IPE (compated to 0.21 for Grand Gulf in
IUREG-ll50). The differences in thece results between the Perry IPE and
tUREG-ll50 mainly result from significant differences in the type of sequence
contributing to core damage, from different containment failure modes, and
from the phenomenological assumption made in the Petty IPE regarding the
probability of steam explosions f ailing the lower RPV head. ?

.

<

@,
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,$ummar g f_C_or_e, Damage Frequency by Initiating Event ( Flood Zoneo

Core Dama g Freg Percent of CDF

Loss of Offaite Power
_

T1 1.80 X 10" 1.5 (Loss of offsite Pcwer)
R 7.19.X 10'' 6.2 (Loss of offnite Pover

and No Offsite Power
Recovery at 3 hrs)

U 4.jr X 10" 3.6 (Loss of Offsite Pcwer
v/no HPCS or RCIC

TIP1 7 J2 X 10-' O.7 iLess of Offsite Power
and 1 SORV)

T1PAU ).63 X 10" 0.1 (Loss of offsite Power
and i Sonv w/no trPCS nr
RCIC)

T1P2 3.89 X 10" 0.3 (t>oss of Offsite Power
and 2 SORVs)

Total 1.44 X 10" 12.4

Stat:lon Blackout

B 2.11 X 10" 18.1 (Station blackout)
BF1 8.36 X 10-' O.7 (Station blackout hi SORV)
BP2 5.91 X 10" 0.5 (Station blackout and

2 SORVs)

Total 2.25 X 10" 19.'a

Transients

T3A < 10- ' O.0 (Transient w/ PCC)'
T3AF)- < 10" 0.0
T3AP2 < 10" 0.1
T3B < 10~' O.0 (Loss of feedwater)
T3C 1.38 X 10" 1.2 (Inadvertent open JRV)
T2 1.64 X 10" 14.1 (Transient w/o PCS)
T2P1 2.47 X 10" 0.2
T2P2 < 10~' O.0
TIA 1.01 X 10" 8.'7 (Loss of inrtrwnent air)
TIAP1 < 10'' O.1.

TIAP2 < 10'' O.0
TSW 6.68 X 10~' O.6 (Loss of service water)
TSWP1 < 10" 0.0
TSWP2 < 10'' O.0

Total 2.90 X 10" 25.0

0

{_
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Table 1-1 continued

Core Dam ge Freq Percent of CDF

O "*

A 2.11 X 10" 1.8 (Large LOCA)
S1 6.18 X 10" 0.5 (Intermediate IOCA)
52 3. 34 X 10" ' O.3 (Smil LOCA)

Total 3.06 X 10'' 2.6

A1WS

T1-C 3.61 X 10'' O.3
T3A-C < 10'' O.1
T3B-C 5.42 X 10~' 4.6
T! -C 9.38 X 10" 0.8
M-c 4.02 X 10'' 34.5

~

TIAC 4.33 X 10" 0.4

Total 4.74 ". IV' 40.7

Total Core Damage Frequency (internal initiators) 1.17 x 10-' (88%)
a

riooding
5

Zone 13 8.84 X 10'' 57

O -

Zone 17 3.22 X 10" 21

TPC B.70 x 10- * 6 3

Zono 1 1.4? X 10'' 12

Zone 1A < 10" <1

Zone B 2.80 X 10~* 2

Zons 16 1.10 X 10~ ' 1

Total Core Danuge Frequency (I'looding) 1.54 X 10'' (121)

Total Core Damge Frequency (internal initiators & flooding) 1,32 X 10~5

O-

,
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|Tablo 1-2
|

Sequence Core Damge Frequencies Grouped by____ Initiator |

T2-C Sum - 4.02E-006 34.5% 3|
T2-CS30 2.27E-005 19.5% T2-C-U3-X' W
T2-CS20 6.25E-007 5.4% T2-C-Le-C1
T2-CS28 3.12E-007 2.7% T2-C-U3-X
'r2-CS11 2.90E-007 2.5% T2-C-C1
T2-CS12 2.37E-007 2.0% T2-C-X'
T2-CS06 1.58E-007 1.4% T2-C-V
T2-CS05 1.25E-007 1.1% T2-C-v'

B Sum - 2.11E-006 18.1%
B524 7.71E-007 6.6% B-U1-Va-R
BS34 5.25E-007 4.5% B-U1-U2-R-Val
BS17 3.36&OO7 2.9% B-U1-R
BS07 1.60E-007 1.4% B-R-Y-Cv
BS12 1.04E-007 0.9% B-HI-R
BS22 5.96E-008 0.5% B-U1-va-V
BS35 5.15E-008 0.4% B-01-U2-R-X
BS33 5.11E-008 0.4% B-U2-U2-R-Y-Cv
BS29 3.37E-008 0.3% B-U1-U2-Val
BS30 1.81E-008 0.21, B-U1-U2-X

T2 Sum - 1.64E-006 14.19
T2SO4 1.62E-006 13.9% T2-W-Y-Cv
T2SO9 1.90E-000 0.2% T2-U3-U2-W-Y-Cv
T2M 8 9.S6E-009 0,,11. T2-03-02-U1-V-Va

TIA Sum = 1.015 006 8.7%
TIAS14 7.536007 6.5% TIA-U2-U1-V-va
TIA505 2.57E-007 2.21 Tuv4.12-W-Y-cv

11 Sivn - 7.19E-007 6.2%
RS20 6.04E-00) S.2% R as-V-Va
RS19 8.73&OO8 0.7% WWs-V-Cv
RS10 2.15E-009 0.2% R Es-W-Y-Cv

738-C Sum - 5.42E-007 -4.6%
C B-C539 2.76rc007 2.4% T3FC-U3 X'
*t3B-CS19 7.60E~008 U.7% T33-C + Lc-C1
Ti3-CSO9 5.32E-006 0.5% T3B-C-O-X
T3D-CS27 3.60E-003 0.31 T3B-C-U3-X
73D-CS10-3.45D-000 0.3% T3B-C O-C1
T3B-CS11 2.88E-000 0.2% T30-C-CeX'
T3B-Cs08 1.78E-008 0.27 T38-C-O-v
T]FCS07 1.52E-008 0.3 % T3FC-O-V'

U Sum - 4.14E-007 3.6%
US29 3.34E-007 2.9% U-R1-V-Va
US12 5.99E-000 0.5% U-V-Va
U528 1.C3E-008 0.1% U- fd -V-W-Y-CV

O

<
.
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Table 1-2 continued
A Sum = 2.11E-007 1.8%

! ASO9 2.10E-007 1.8% A U1-V

O T1 Sum = 1.80E-007 1.5%
T1S08 1.47E-007 1.3% T1-R2-W-Y-Cv
T1504 1.94E-008 0.2% T1-W-Y-Cv
T1533 1.33E-00B 0.1% T1-U1-Ws-V-va

T3C Sum = 1.38E-007 1.2%
T3CS04 1.38E-007 1.2% T3C-W-Y-ev

T3C-C Sum = 9.38E-008 0.8%
T3C-CS27 5.49E-008 0.5% T3C-C-U3-x'
T3C-CS17 1.40E-008 0.1% T3C-C-Lc-C1
T3C-CS07 9.81E-009 0.1% T3C-C-X

BP1 Sum = 8.36E-003 0.7%
-

BP1527 4.85E-000 0.4% BPI-U1-U2
BP1817 1.69E-008 0.1% DF1-Ul-V
BP1526 1.13E-008 0.1% DP1-U1-va-n

T1P1 Sum = 7.62E-008 0.7%
T1P1S31 7.24E-008 0.6% T1P1-01-Ws-V

TSW Sum = 6.68E-008 0.6%
TSWS10 5.49E-008 0.5% TSW-02-U1-V
TSNS14 1.00E-006 0.1% TSW-C

S1 Sum = 6.18E-000 0.5%

O S1513 5.85E-008 0.5% S1-01-V-Va

BP2 Sum = 5.91E-008 0.5%
BP2S13 S.91E-008 0.5% BP2-01

TIAC Sum = 4.33E-008 0.4%
TIACSO9 3.31E-008 0.3% TIAC-X' _

T1P2 Sum = 3.89E-008 0.3%
T1P2S11 2.39E-006 0.2% T1P2-U1-v
T1P2SO4 1.49E-008 0.1% T1P2-H-Y-Cv

T1-C Sum = 3.61E-008 0.3%
T1-CS09 2.19E-008 0.2% T1-C-X'
T1-CS08 8.44E-009 0.1% T1-C-C1

S2 St - 3.24E-008 0.3%
S2520 3.00E-008 0.3% S2-C

T2P1 Sum - 2.47E-008 0.2%
T2P1SO4 2.46E-008 0.21 T2P1-W-Y-Cv

T1P10 Sum = 1.53E-008 0.1%
T1P10S22 1.37E-008 0.1% T1P1U-R1-V

O

_-
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Sequence within the Upper 95% of Total Core Duage

T2-CS30 2.27E-006 19.5% T2-C-U3-X'
T2SO4 1.62E-006 13.9% T2-W-Y-Cv
BS24 7.71E-007 6.6% B-U1-Va-R
TIAS14 7.53E-007 6.5% TIA-U2-01-V-Va
T2-CS20 6.25E-007 5.4% T3-C-Lc-C1
RS20 6.04E-007 5.2% R-Ws-V-Va f
BS34 5.26E-007 4.5% B-01-U2-R-Val
BS17 3.36E-007 2.9% B-U1-R
US29 3.34E-007 2.9% U-R1-V-Va
T2-CS28 3.12E-007 2.7% T2-C-U3-X
T2-CS11 2.90E-007 2.5% T2-C-C1
T3B-CS29 2.76E-007 2.4% T3B-C-U3-X'
TIAS05 2.57E-007 2.2% TIA-U2-W-Y-Cv
T2-CS12 2.37E-007 2.0% T2-C-X'
ASO9 2.10E-007 1.8% A-U1-V
Bs07 1.60E-007 1.4% B-R-Y-Cv
T2-CS06 1.58E-007 1.4% T2-C-V
T1508 1.47E-007 1.3% T1-R2-W-Y-Cv
T3CSO4 1.38E-007 1.2% T3C-W-Y-Cv
T2-CS05 1.25E-007 1.1% T2-C-V'
BS12 1.04E-007 0.9% B-HI-R
RS19 8.73E-008 0.7% R-Ws-V-CV
T3n-CS19 7.60E-008 0.7% T3b-C-0-Lc-C1
T1P1S31 7.24E-008 0.6% TIP1-01-'Ws-V
US12 5.99E-008 0.5% U-V-Va hBS22 5.96E-008 0.5% B-U1-va-V
BP2S13 5.91E-000 0.5% BP2-U1
sis 13 5.85E-008 0.5% S1-U1-V-va
TSRS10 5.495-008 0.5% TSW-U2-U1-V
T3C-CS27 5.49E-008 0.5% T3C-C-U3-X'
T3B-CSO9 5.32E-008 0.5% T3B-C-O-X'

B935 5.15E-008 0.4% B-U1-U2-R-X
BS33 5.11E-008 0.4% B-U1-U2-R-Y-Cv
BPIS27 4.85E-008 0.4% BP1-U1-02
T3D-CS27 3.80E-008 0.3% T3B-C-U3-X
T3B-CS10 3.45E-008 0.3% T3B-C-O-C1
BS29 3.37E-008 0.3% B-U1-U2-val*

TIACSO9 3.31E-008 0.3% TIAC-X'
S2S20 3,00E-008 0.3% S2-C
T38-CS11 2.88E-008 0.2% T3B-C-0-X'
RS10 2.75E-008 0.2% R-Ws-W-Y-Cv

O

1
l
'
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Table 1-4

| Importance Rankinn of Basic Events (russell-Vesely)

(T Rank Event Name Point Est F-V 1mp _nisk Ach Risk Red~

q)
1 CM 1.000E-005 4.110E-001 41100.41 1.698
2 T1 6.090E-002 3.202E-001 5.94 1.471
3 NSHICPEC5-2-L1T3 1.000E+000 2.735E-001 1.00 1.377
4 T3A 4.510E+000 2.530E-001 0.80 1.339
5 rWHICPEL-2-rDW-V 5.003E-003 2.472E-001 50.17 1.328
6 T2 1.620E+000 2.314E-001 0.91 1.301
7 ADHICPC5-1-ADS-O 7.200E+000 2.165E-001 0.81 1.276
8 cv05 1.400E-001 1.468E-001 1.90 1.172
9 R15 8.230E-002 1.279E-001 2.43 1.147

10 DGEALC1R2250006 9.600E-005 1.171E-001 1220.42 1.133
11 DHD3rS1E22S0001 3.000E-002 1.164E-001 4.76 1.132
12 U207B 8.752E-001 1.028E-001 1.01 1.115
13 FPorrSITEPUHPER 6.000E-001 1.003E-001 1.07 1.112

-

14 DGDGTS1R4330001B 3.000E-002 9.750E-002 4.15 1.108
15 TIA 9.200E-002 9.134E-002 1.90 1.101
16 DGDGrS1R4350001A 3.000E-002 0.504E-002 3.75 1.093
17 R36 5.290E-001 8.427E-002 1.08 1.092 '
18 TPDPrROP54C0001 1.745E-001 7.890E-002 1.37 1.086
19 LCLCUMA 1.930E-002 7.724E-002 4.92 1.084
20 U202B 7.823E-001 6.915E-002 1.02 1.074
21 LCLCUMRHRALPRC 9.220E-003 6.623E-002 8.12 1.071
22 rWHICPSN27-4:11A 1.196E-001 6.408E-002 1.47 1.068
23 SP111CPPS4 :5SPCU 1.000E+000 6.344E-002 1.00 1.068
24 FWHICPEC5-3:2 1.000E-002 6.151E-002 7.09 1.066-

25 SLHICPDQ-6-SLCX 1.000E+000 6.128E-007 1.00 1.065
,~

26 ftESC133 7.760E-003 5.075E-002 7.49 1.053 ,

27 T3B 7.600E-001 4.707E-002 1.01 1.049
28 MESA 133 7.760E-003 4,603E-002 6.89 1.048
29 MESB133 7.760E-003 4.306E-002 6.61 1.046
30 R39 1.230E-002 4.258c-002 4.42 1.044

'

31 CV01 4. 300E- 001 4.132E-002 1.05 1.043
32 FPHICPPS4:2RCICI 2.998E-001 3.813E-002 1.09 1.040

-

33 DGDGTR1R43S0001B 7.864E-003 3.627E-002 5.58 1.038
34 ESMPCC 3.417E-004 3.50SE-002 103.55 1.036
35 CVHICPEPC-rPCC 1.000E-001 3.482E-002 1.31 1.036
36 CvHICPEPC-COM 1.001E-003 3.482E-002 35.76 1.036
37 FPHICPPS4:2BCIC4 1.000E-001 3.424E-002 1.31 1.035
38 CV03 4.000E-002 3.337E-002 1.80 1.035
39 ECECUMA 1.900E-002 3.322E-002 2.64 1.034
40 LCLCUKLPCIBLPCIC 1.770E-002 3.199E-002 2.78 1.033
41 ESESUMA 1.890E-002 3.131E-002 2.63 1.032
42 VA04B 7.327E-001 3.056E-002 1.01 1.032
43 ECECUMB 1.980E-002 3.023E-002 2.50 1.031
44 ESESUMB 1.890E-002 2.929E-002 2.52 1.030
45 FPHICPPS4:2RCIC2 1.000E-001 2.927E-002 1.26 1.030
46 DGDGUM1R43S0001B 3.080E-002 2.900E-002 1.91 1.030
47 CVHICPEPC-RHR 1.000E-002 2.879E-002 3.85 1.030
48 RCHICPS51-LDTRIP 4.999E-002 2.859E-002 1.54 1.029

pV
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Tablo 1-5

Importance Ranking _of_ Basic Eventr. (Risk Achievement Worth)

Rank Event Name Point Est F-V Imp Risk Ach Risk Red

1 cM 1.000E-005 4.110E-001 41100.41 1.'98
2 EPFACCEPRCS 3.750E-006 6.664E-003 1778.20 .. N
3 DGBALC1R2250006 9.600E-005 1.171E-001 1220.42 1.1%
4 DCBTCC 1. 370E-N5 5.433E-003 397.55 1.005
5 DBMrCC 2.930E-005 8.087E-003 277.00 1.000
6- DBMDCC 2.930E-005 8.087E-003 277.00 1.008
7 DBLVCC 2.930E-005 8.087E-003 277.00 1.000
8 A 1.000E-004 1.814E-002 182.34 1.018
9 ESMPCC 3.417E-004 3.505E-002 103.55 1.036

10 ESMVCC 9.250E-005 7.284E-003 79.73 1.007
11 ADSRCCADS 8.000E-006 5.934E-004 75.18 1,001

12 ECMPCC 1.190E-005 7.606E-004 64.92 1.001
13 DGBALC1R2250007 9.600E-005 5.953E-003 63.01 1.006
14 thmICPEL-2-rDW-V 5.003E-003 2.472E-001 50.17 1.328
15 ECMVCC 9.250E-005 4.238E-003 46.81 1.004
16 CVHICPEPC-COM 1.001E-003 3.482E-002 35.76 1.036
17 DGDGCC 3.675E-004 8.743E-003 24.78 1.009
18 S1 3.000E-004 5.280E-003 18.60 1.005
19 DCBTLCIR42S0002 1.367E-003 1.071E-002 8.03 1.011
20 CVMV!O1G41r0140 2.930E-003 2.212E-002 8.53 1.023
21 SCMVNC1E12r0048A 2.930E-003 2.210E-002 8.52 1.023
22 LCLCUMRHPALPRC 9.220E-003 6.623E-002 8.12 1.071
23 MEsC133 7.760E-003 5.075E-002 7.49 1.053
24 SLHICPEQ-6-SLC1 1.251E-003 7.903E-003 7.31 1.008 g25 HIHICPEC5-5-CRIT 2.001E-003 1.259E-002 7.28 1.013
26 SLEVCC 2.930E-004 1.826E-003 7.23 1.002
27 SIMPCC 2.930E-004 1.826E-003 7.23 1.002
28 ADHICPC5-1-ADS-A 3.793E-003 2.346E-002 7.16 1.024
29 HIHICPEC5-3:2-r 1.001E-003 6.127E-003 7.12 1.006
30 ThMICPEC5-3:2 1.000E-002 6.151E-002 7.09 1.066
31 SLMVCC1G33 9.250E-005 5.577E-004 7.03 1.001
32 SLMVCC 9.250E-005 5.57'E-004 7.03 1.001
33 SLCVt01C41r0007 1.000E-004 6.018E-004 7.03 1.001
34 SLCVro1C41r0006 1.000E-004 6.028E-004 7.03 1.001
35 SLXVPLIC41r0036 4.499E-005 2.659E-004 6.91 1.000
36 MESA 133 7.760E-003 4.603E-002 6.89 1.048
37 TSW 1.000E-003 5.731E-003 6.73 1.006
38 LCMPCC 2.930E-004 1.677E-003 6.72 1.002
39 P2 1.600E-003 9.113E-003 6.69 1.009
40 MEEB133 7.760E-003 4.386E-002 6.61 1.046
41 ECm rs1P42C0001A 2.930E-003 1.464E-002 5.98 1.015
42 HPMV!c1E22r0015 2.930E-003 1.454E-002 5.95 1.015
43 HPMv!O1E22r0004 2.930E-003 1.453E-002 5.95 1.015
44 HPMPFSIE22C0001 2.930E-003 1.453E-002 5.95 1.015
45 HPMyto1E22r0012 2.930E-003 1.453E-002 5.95 1.015
46 T1 6.090E-002 3.202E-001 5.94 1.471
47 LCLCUMLPC1ALPCS 5.290E-003 2.622E-002 5.93 1.027
48 ECHXPL1P42B0001A 2.049E-003 9.627E-003 5.69 1.010

0
_

. - . .
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Tabla 1-6

Functional- ' Accident Sequence Grouping Criteria and Eesults
Accident

'

Sequence Definition CDF Percent CDF
,

lA . Accident Sequences Involving Ioss of Coolant Inventory Makeup in 7.0E-8 <1
Which Reactor Pressure Remains High.'

!=

L 1B Accidant Segaen'_e Involving a Loss of AC Power ard Loss of Coolant 1.5E-6 13
Inventory Makeup.,

IC Accident Sequence Involving a Loss of All AC Pcwer and No Recoary of 1.2E-5 10
AC Power.

1D Accident Sequences Involving a Loss of Coolant Inventory Fakeup and 4.4E-7 4

i
^"'

IE Accident Sequence Involving a Loss of Coolant Imentory Pakeup in 9.4E-7 8
which Reactor. Pressure has been successfully reduced.

2 Accident Sequences Involving Ioss of Containment Heat Femoval Leading 2.5E-6 22
to Cor.'_ainment Failures and Subsequent Ioss of Coolant Inventory Makeup.

3A Vessel Rupture Leading beyond rakeup capability. < l.0E-7 <1

3B Accident Sequence Initiated or resulting in a s:rall or medium IOCA < l.0E-7 <1
for which reactor cannot be depressurized and inventor =akeup isJ
inadequate.

3C Accident sequences initiated or resulting in medium or large IDCA for 3.9E-7 3
which the reactor is at low pressure and inadegaate coolant inentory
makeup is available.

3D Accident sequences which are initiated by a LOCA or failure for which < l.E-7 <1
vapor suppression is inadequate.

4 Accident sequences involving an ATWS leading to containment failure 4.0E-6 34
due to high pressure and subsequent loss of inventory.

5 Unisolated IDCA outside containment leading to loss of effective < 1E-7 <1
coolant inventory makeup.
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remove Mug_ Peel g een temje g tot 19 e Mgiese

Base case 1.)t.$ 4.01-6 2.01-6 0.1t-6 2.6t-6 1.02-6

tessive vent 1.0E-6 9.92-7 4.61-7 6.72-6 5.35-7 2.0t-7~

(-16% c80) (-764 alG) 1 70% oto) (-17% ofGI (-00% 00) (-81% ceG)

ATws Mods
Alt Shutdoe
6 ads trhibit 1.01-S 3.51-6 1.8t-6 7.)t-6 2.lt-6 9.St-1(-194 00) (allt 013) (-14% otG) (- 96 06) I 6% oto) (- 7% otop

Tesolve Vent
& A1v8 Mods 4.02-6 4.6t-7 1.ft-7 5.fr-6 4.08-1 1,2E-7

(-37% otG) (-89% 010) (-924 0:0) t -26 % c10 ) (-85% d63) (-894 of
Passive Vent,
A1ws Mode 6
ignitor Powjo 6.00-6 1.8t-7 1.15-7 5 9t-6 1. 2f'-? 7.21-0r

1
(-31% otG) (-96% 01G1 t-94% otG) t-26% ots) ( 964 06) (-93% otG1

|

I
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changes reported in this table
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I internst event core demage eequences

in eoetton 3.4. These differencee
| do not change the overall
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Tablo 1-8 .

1

Comparison of Perry IPE with Kuosheng, Coftentes,'& NUREG/ca-4550 Results

7.
(/ Initiating Event -- Perry Kuosheng Cofrentes NUREG/CR-4550

t

I. css of offsite Power 1. 4 x 10~ ' l'. 0 x 10- ' |
1.7 x 10'' 3.9 x 10''

Station B1Lekout 2. 2 x 10' ' 3.3 x 10~' |
4

Transient w/ PCS (T3A) < 10~' 1.1 x 10'' t < 10''

Loss of feedwater (ThB) C 10-' 3.0 x 10-7 < 10-'
'

Inadvertent open SRV (T3C) 1.4 x 10'' 3.0 x 10-' < 10''

Tranrient w/o'PCS (T2) 1.7 x 10-" 1.3 x 10'' 1.3 x 10~'
< 10''

Loss et instr'tment air (TIA)- 1. 0 x 10-' -ta- < 10''

Loss'of service water (TSW' 6.7 x 10'' -NA- | -ta-
t

Large IO:A (A) 2.1 x 10~' < lo ' t < 10-'
I

Intermediate IOCA (S1) 6.2 x 10'' 4.1 x 10-7 < 10-' < 10''

Small IOCA (S2) 3.3 x 10'' < 10-' < 10-'
4

.

A'IWS - 4 7 x 10~' 2.5 x 10-5 < 10'' 1.1 x 10''.

..

.Versel Rupture < 10"- 2.7 x 10'' < 10'' < 10~':
'

Totial Core Damage Freg' 1.2 x 10'' 3.4 x 10'' 2.6 x 10-' 4.0 X lO'"

Internal Flooding CDF 1.5 x 10"' 5.7 x 10" -NA-' -NA-

* Sbtal CDF does not include flooding.
;
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Table 1-9

Comparison of Plant Design Features
'

Plant Feature /Pararreter CGJS Clinton Perry River Bend

Rated Power, Wt 3833 2894 3579 2894

Bechte} S&L GILBERT /AE
CCMMCtMY2 M SWe;C

ECCS Systems (ntebet x gpm)
1 X 7115 1 X 5010 1 x 6000 1 X 5010

LPCS
3 X 7450 3 x 5050 3 X 6500 3 X 5050

LPCI

1 X 1650 1 X 1400 3 X 1550 1 X 1400
HPCS

1 X 800 1 X 600 1 X 700 1 X 600
RCIC

t
ADS Valves /Non-ADS 8 / 12 7/9 8 / 11 7/9

CCME2iSATE/FEEDWATER
2 2 2 0

Turbine-driven Pumps
0 1 1 3

Motor-driven Pumps
0 0 4 0

Fced Booster
3 4 3 3

Condensate Pumps
3 4 3 0

Cond Booster Pumps
1

35 35 35 1.Turbine Bypass capacity (1) I

Service Water
Safety Related 3 independent 3 independent 3 independent 4 pumps /2 loops -

Non-safety Related i loep/B pumps I loop 1 loop /4 pumps 1 loop

AC Power
Offsite Power Circuits 3 4 4 6

3 3 3 3
ESF Buses

3 3 3 3
Standby Diesels

BC Power
3 4 3+3(Unit 1&2) 3

Safety Related Batteries
4 2 3

Non-Safety Related Batteries
Design Battery Life (hours) 4(Div 1&2) 4 7 4(Div 1&2)

2(Div 3) 22(x-tie & 2(Div 3)
sh M31ng)

-

. .

_ , ,
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TABLE 1-10 staguRY Or CMTATMP03rf FA11AfEE FREgenascY

GEWERIC UFIATEL 17PtATED
!EITIATING IMITIATING INITIAT!!93
1YENT EVDPf EVEvr
FPJQUENCY FPIQUEN"Y FPIQUENCY

BME CASE BASE CAIE FMSIVE VLWT

fio RPY Failure! No Conteinment Failurr 3.39E-6 1. 22E-6 1.22E-6
(26.7%) (15.2%) (18.3%)

vent 3.45E-6 2.36E-6 2.82E-6
(19.3%) (29.4%) (42.3%)

Contairmnt Failuse 6 .18 E -7 4.70E-7 6.74E-8 -

( 4.9%) ( 5.8%) ( 1.0%)

Subtotal tio RW Failure Core Damage Floquency: 6.46E-6 4,06E-6 4.11E-6
(50.8%) (50.3%) (61.n)

RW Failures No Containment Failure 1. 5 8 E -6 6.22E-1 6.22E-7
(12.4%) ( 7.7%) ( 9.3%)

Vent 1.27C-6 1.23E-6 1.47E-6
(10.0%) (15.3%) (22.1%)

Late Contairunent Failure 9.38E-7 e.25E-7 2.45E-7
( 7.4%) 111.5%) ( 3.1%)

Early CF No Pool Bypass 4.30E-7 1.88E 7 2.00E-8
( 3.4%) ( 2.3%) ( 0.3%)

! ate Pool Bypass 1.54E-6 7.51E-7 8.40E. 8
(12.1%) ( 9.3%) ( 1.3%)

Early FB, $ pray 6.12E-8 2.8AE-8 2.78E-8
( 0.5%) ( 0.3%) ( 0.4%)

,

Early FB, No Fpray 4.45447 2.49E-7 8.76E-8
( 3.5%) ( 3.1%) ( 1.3%)

Eubtotal PSV Failure Core Damage Frequency 6.27E-6 4.00E-6 2.56E-6
(49.2%) (49 ?%) (38.4%)

Try2AL CCRE CAMME FELQtfENCYi 1.27E-5 8.05E-6 6 . 6 7E.-6
(2004) ;100%) (100%) *

3@ total contelunent '!enting Fragwerq: 3 . 7 2 E.-6 3.59F-6 4.29E-6
(29.2%) (44.7%) (64.4%)

Subtotal Chtst Structural railJre Freq.teney: 4.03E-6 2.61E-6 5.341-7
(31.7%) 832.5%) ( 8.0%)

T71M. CrXTrMNMDTT FAILUEE & Vlif1NG FREQUTA"Y: 7.76E-6 6.21E-6 4.83E-6
(60.9%) (77.1%) (72.4%)

i

PSV FAI!AfPI t. EARLY CONTAIIMD:T FAILUkE
WITU Po0L BYTA55 FPIQUENCY: 2.04E-6 1.03E-6 1. 9 9Y-7

(16.1%) (12.3 % ) ( 3.0%)

|

_
-
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CORE DAMAGE FREQ DISTRIS
irlGURE 1-1
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2.0 EXAMINATION DESCRIPTIONp
2.1 INTRODUCTION

The Perry IPE project. is| aimed at m(eting two objectives, satisfying the NRC
requirements for an individual plant examination and providing plant models
for use in assisting in maintaining the safe operation of the Perry Nuclear
Pover Plant. In this section it is demonstrated that the project conforms
with the NRC requirements. The general methodology and the information used
in the course of the study are also described.-

2.2 _CONPORMANCE VITH CENERIC LETTER AND SUPPORTING MATERIAL

Generic' Letter 88 20 and its supplements identify a number of requirements in-

the areas of the examination procese, methodology, treatment of unresolved
safety issues and reporting. This IPE conforms with the requirements laid
out in the generic letter and uses the current supporting material
appropriate _ to the analysis of a BVF/6 Hark III. The software used in the
Level 1 and Level-2 sections of the analysis has been developed in accordance
vith NRC or EPRI OA requirements and is in general use in the industry.
Conformance within each of the specific areas is discussed in the following
sections.

2.2.1 p amination Proccas

O _ and comprehensiveness of the results derived f rom the IPE depend on the vigor
It is the belief of the NRC as stated in the generic letter that the quality

vith which the utility applies the method of examination and on theiri

i commitment to the intent of .the IPE. It can be seen from the proj ec t
.

' organization shown in Figure 2-1 that the CEI personnel were involved in the
performance of all tasks. In fact the majority of the Level 1 and 2 analyses
was performed by Perry personnel vith assistance from a number of consultants
in key areas such- as performance of the containment ultimate strength
analysis and the core melt phenomenology.

In house review of systems analysis ves performed by Perry staff conversant
with system design,. maintenance end operation. In addition to the in house
review further reviev of the examination process and the results vere
performed by independent consultants.

The combination of experienced consuitants, Perry personnel and-independent
review in the performance of the analysis has ensured that the quality and
comprehensiveness of the Perry IPE tesults meet the highest standards and
vill be usable in the future as a living PRA and for the development of
accident management strategies.

2.2.2-External Events

The current study includes only core damage and fission product release
assessment following an internal initiating event or internal flood. A

number of plant valkdovns have been conducted for the flooding analysis and
'

for the investigation of common cause failures. The information gained from
these valkdowns has been included in the appropriate analysis files and vill

Page 2-1



be available when performing external event analyses.

2.2.3 Methods of Examination

The approach used to satisfy the IPE vas to perform a 1.evel II PRA based on
the procedures in NUREG/CR-2300 (Hickman 1903) and information provided in
NUREG/CR-4550 (Drouin, 1989) for the Grand Gulf analysis. In order to ensure
that methods used for the human reliability and common cause analysis
represent the current state of the art in these areas the latest information
from either EPRI or the NRC vas used to perform the analysis. As the PRA vas
performed at the Perry site the latest design information (January 1990) vas
used in the performance of the study. As the quality assurance for the
development of the plant model has required full recording of all
documentation used, it vill be a straightforvard procers to update the model
as design change packages are complete. The methodology is fully described
in Section 2.3.

Details of the approach to the Containment Structural Analysis are given in
Section 4 of this report.

2.2.4 Resolution of Unresolved Safet{ Issue A-45

The PRA specifically addresses the performance of the shutdown decay heat
removal systems following transients from high power or less of coolant
accidents. The overall contributicn to core damage is assessed and any
individual system vulnerabilities identified.

2.2.5 Severe Accident Sequence Selectgon

! The results of the analysis which are reported in Sections 3.4 and 4.7 have
been based on the screening analysis defined in Appendix 2 of the generic
letter and amplified in the guidance document (NRC, 1989). Any identified
vulnerabilities, unique safety features, and potential improvements are
discussed in Section 6.

2.2.6 Documentation of Examination Results

As it is intended that the IPE shall be videly used within CFI in the future,
considerable care has been taken in developing the documentation for the
study. The documentation of the completed study has three components. The
first is this report which summarines the results and findings of the PRA
given the current plant status. The second is the Perry plant model which
exists in the PC software NUPRA/NUCAP+/EVNTRE. This model can be updated as
and when changes in design or procedures are made. The third 19 the set of
analysis files which document all the assumptions, boundary conditions and
documents used in developing the plant model on the PC. It is these
documents which form the basis for the living PRA in that they provide the
basis of comparison of new designs, data, operational procedures, training,
testing, etc vith that used for the base scone study, and thus enable the
changes that need to be made to the model to be identified.

One of the key items in this third tier of documentation is the listing of;

) all the documents (such as the Updated Safety Analysis Report (USAR), P6 ids,
etc.) used and reports produced in thn study.

Page 2-2

| 1

| 1



_ . _ _ _ . . _. _ _ _ .. . . . _ . . . _

|

I

~.

'2,3 GENERAL METHODOLOGY-
.

The' methodology- used to perform the-. analysis for the Individual Plant
Examination,is designed to answer the following questions. ^

1., Vhat events at- 'the plant vill result in a reactor trip or the
.

. necessity for the reactor to trip?

2. What requirements for reactivity control, pressure control or
level control vill arise? '

3. Hov can decay heat be removed following reactor trip?
.

4. How often (with what frequency) vill core damage occur as the
-result of_ failure to remove decay heat?

5. Hov likely is containment tallure to occur following core damage?

6. What fission product release is likely to occur and hov often?
f

7.- 'Vhat are'the _significant contributcrs to the frequency of core
damage, containment-failure, and fission product release?

.The _ansvers to the.-above ' questions are determined by carrying out the
'

. following basic steps shovn in the flov_ diagrams in Figures 2-2 and 2-3.
: 1. ' Identifying the causes and frequency of plant trips (Initiating

Events).

-2. Developing- a model which represents the many different ways in
which decay heat removal can fail following.the various initiating
-events (event trees and fault trees) taking into account the
! reactivity,-. pressure.and level control requirements toz achieve
decay _ heat removal.

.3.- Assembling data- for- the -component' failures, maintenance.
Lunavailabilities, operator actions,<etc. included in the event and
fault ~ tree models. (Data and common cause failures)4

4_ Ouantifying the core damage frequency and performing importance
analysis t o. identify _ the dominant contributors to core damage
.(quantification, importance analysis).

,

5. Performing a containment building strength analysis to determine
the _ likelihood of failure over a range of pressures and
temperatures.-

6. Determine - the- range of pressures and temperatures in _the
containment- building- for a range of possible core damage
scenarios. 'Each scenario is identified by a specific set of

O conditions at the time of core damage known as the plant damage
'

state. (containment analysis)

Page 2-3
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7. Combine 5 and 6 to determine the likelihood of containment j hbuilding failure and the magnitude of the fission p~roduct release.

The vay in which each of these steps is performed ir discussed in thefollowing paragraphs. In order to ensure that the analysis was as complete
as possible and that all the interfaces between the various sub-tasks af the
PRA vere clearly recognized, the first step in performing the analysis was to
develop a set of comprehensive procedutes to identify the way in which the
analysis in each sub-task vas to be performed. The procedores used are
listed in Table 2-1.

2.3.1 Initiating Events and Success Criteria

Initiating event information was derived from the plant operating experience
for the past two years, from past studies of BVRs and the NRC study of Grand

.

Gulf. Particular attention vas paid ,o the Failure Mode and Effects analysis '

i of support systems which vould result in possible initiating events
associated with the 1 css of switchgear room cooling, loss of service water,
loss of alternating current (AC) and direct current (DC) bus bars and loss of
instrument air.

The safety functions required in reuponse to each of the initiati. . eventsvere defined and the systems which could perform these functions vere
identified. The success criteria vere determined by revieving earlier
analyses, the USAR, General Electric analyses and by performing thermal
hydraulic analyses using the HAAP code to confirm the requirements and to
obtain estimates of timing. These are discussed in section 3.1.1.

Following the identification of the success criteria for each initiating
event, it was possible to group together events which had similar system s

success criteria in order to reduce the number of event trees to bedeveloped.
.

2.3.2 Accident Sequence Development

An event tree was developed for each initiating event or event group using
the information developed for the system success criteria and including the
operator actions identified in the various emergency procedures (section
3.1.2). An individual path through each event tree (an accident sequence)
then specifies the combination of syntem failures and successes and operator
actions which vill lead either to successful core cooling or to core damage
through lack of cooling. As the Perry IPE is effectively a Level 2 PRA, this
analysis also considered the impact that the containment building systems
could have on the potential for core damage. In order to clearly define the
boundary conditions in terms of timing for each sequence, it was necessary to
perform a number of MAAP analyses. The results of these analyses enabled the
timing of actuation signals and the time available for operators to perform

[ back up or recovery actions to be identified. The development of the plant
damage states is dercribed in Section 2.3.8.

O
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(1 2.3.3' Data Base-

Plant-specific data has been used to determine the maintenance unavailabilityfor all Iront line and important support systems, and:for the - frequency of
transients -. ini t ia t ing events for comparison with :the generic' transient-
initiating evrnt frequencies. Generic data has been used for all otheritems.

2.3.4 Dependent Failures and Interaction
~

In addition to the failures. directly associated with the components in the
system performing the safety function. it is necessary to model the dependent
failures. Direct-functional dependencies (i.e. electric power, pump bearing
cooling, . initiating signals, etc.) -are modeled by developing a dependency
matrix for each system and including thest dependencies in the system fault
tree. The system performance is- then evaluated by linking the fault trees
for the' supporting systems into the appropriate points of the system fault
t ree.: These dependencies are summarized in section 3.2 and shown in detail
in the= fault:: trees in Appendix A.

Multiple failures of some components may occur as the result of infltiences
whick it is neither possible to identify nor explicitly model in the system
fault _ tree of.the individual equipment failures. In addition, there may also--

be_ interactions between systems as the result of location or the fluid being
pumped- by the system. An attempt has been made to model such failures by: -

': including common cause events in the fault trees for components which are
A- assessed to -be subj ec t to such rommon failures, ,for example diesel

generators,. motor-driven pumps, motor r,perated valves, and check valves. Th:
-quantification of these events har,'been based on a review of.both plant
design and industry data. The evaluation and quantifica' ion of these,

-dependencies is described in section 3.3.4 and Appendix C.

The depende_ncy of systems on environmental conditions has been included in
the analysis. For-each system the running time and room temperature have
been -evaluated, over the range. of accident scenarios, to Edetermine:if room-
cooling-is required. The. impact-of suppression pool vater temperature on the
systems which take suction- from the suppression- pool.has been :taken into
account.. This information is included in the -system analysis supporting
documentation and summarized'in section 3.2.

The _ dependencies between initiating events and systems _ required to- prevent _
^

core damage or the release of-fission products are modeled'in the event and-

' fault trees. Similarly, the dependency of a function in an event tree on the
success -or failure of a previous function is the basis for.the construction-
of :the event trees.- The dependency between function and initiating events is

| represented in the- system- fault trees by the:use of house events.- -These
| cvents= are then set to one or zero depending on the system being modeled and.
! the initiating event. The setting of these events for each of the sequences~

j; are given in Appendix.E.
I

I

l |
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2.3.5 System Modeling

As insufficient data exist for determining the probability of failure of each
system directly, it is necessary to model each system in a logical vay,
breaking it down to individual components for which failure data areavailable or can be estimated. The basic model used in this study, as is in
other PRAs, is the fault tree.

The systems for which fault tree models are required are defined in the
development of the success criteria and event trees. In addition to the
front line systems, the list includr.s the support systems such as electric
power, cooling vater, control air, and instrumentation and control. For eachsystem a fault tree has been developed either to the component level or, if
it is not it.npo r t an t relative to core damage frequency, to a lesser level of
detail, but always including the dependency on supporting systems. (Section3.2 and Appendix A)

2.3.6 Human Interaction Analysis

System and safety function failures may result from the operators' failure to
perform certain actions or the performance of incorrect actions. Therefore
operator actions are included in the event and fault trees. Two types of
actions are identified.

1. Errors occurring ptior to he plant trip which result in equipment
(e.g. valves) left in the vrong position at the time of the demand
on the system or result in miscalibration of instruments such that
a system is not initiated.

2. Post trip errors which result in the operator failing to take the
correct action in response to the plant state either to start a
system or failure to perform a backup action if auto initiation,

i should fail.

The second group can in fact be broken down into the following three
subgroups: failing to take the correct action in accordance with procedure,
taking the incorrect action, and failing to take appropriate recovery actions
following system failures.

A systematic approach based on the vork performed at the Electric Power
Research Institute (EPRI) was used to perform the analysis. There are three
essential steps in this rethod. The first is identification by the event and
fault tree analyst of the human interactions that can occur which vill impact
the operation of the system either before or after the plant trip. This is
achieved by a detailed review of test, maintenance, and operating procedures.

The second step is to evaluate each action in terms of how the action vould
be performed for various combinations of prior system failures, hov long the
aperator has to perform the acticn, what cues he has to indicate the
necessities to perform the action, and hov it relates to the procedures. At
this stage it may be necessary to modify the event or fault tree in order to
more accurately model the human interaction. It is also necessary to examine
the combinations of human actions that occur in a given sequence of events in
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I "'d. order to determine the relationship between success and failure of one action'

to' the success and/or: failure of the second and/or subsequent actions in the:
"

combination.

-The- third -and final stage is the quantification of each of the actionsultimately 'modeled in the event and fault trees. The quantification of each:of the-important actions was based either on THERP or methods based on_those
developed |as a result of the Operator Reliability Experiments (ORE) program
performed by EPRI. Quantification of the less important actions was based on
estimates used in NUREG/CR-4550 (Drouin, 1989) for the Grand Gulf PRA for
similar. actions. .(Section 3.3.3)

j 2.3.7 Accident Sequence Quantification

In this step the information gathered in the preceding steps is used to
quantify the individual core damage requences. In the NUPRA code the first
step is to develop linked and-quantified fault trees for all the-functions in
the event tree. Care is taken to ensure that for each function the system
fault tree used reflects the-boundary conditions in terms of initiating event
and actuation conditions appropriate to the sequence in which the functionappears. Each sequence is then quantif.ted by combining the results from the
quantification of the linked fault trees taking care to ensure that both
success- and_ failure-paths ;are accounted for in each core damage sequence.
The final result is entered into. a data base which stores the frequency of-

each sequence,_the various functional failures and successes, and a list of ,

'

the' combinations of basic event failures contributing to the sequence
-()- frequency.- (Section 3.3.5 and 3.3.6)

'

. --

L 2.3.8-Plant Damage State Analysis
l~
! The interface between Level 1 and Level 2 is the set of plant damage states

which reflect- the operability of 91 ant systems and containment building
systems, as well as the Reactor Pressure Vessel state at the onset of core
damage.- In order to group the-individual core damage sequences -into the
various plant damage states, two_ requirements have to be met. The first_isto define the grouping criteria. The criteria have been developed-based en

- those. aspects of plant and containment-building systems or reactor state at
the-_ onset of core damage which-have a significant impact on the accident
progression and ultimate fission product _ release. (Section 3.1.4)
The -'second i s to develop a set -nf event trees which ~ include all the,

L information necessary to apply the grouping logic developed above. This
|. -requires . extending the core damage event trees to include not only functions
j vhich can prevent _ core - damage, but also functions which will prevent
E containment building failure or_significantly impact fission-product release.

2.3.91 Containment Evaluation

The Perry IPE containment evaluation is performed using an Accident
' Progression Event Tree' (APET) similar to that used in the Grand Gulf
NUREG/CR-4551 analysis' (Brown, 1990). The initial accident progression

! analysis begins by grouping the funct3onal characteristics determined in the
.

plant' damage state analysis into plant damage state groups. Each Plant
Damage State contains. Front-End sequences with sufficient similarity of the

Page 2-7
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system functional characteristics that the containment accident progression
for all sequences in the group can be considered to lead to the same therma) '

hydraulic transient containment response. The APET is then extended into
early, intermediate and late time periods to determine: the coolability of
the core debris in-vessel, the mode of containment failure and the mode of
suppression pool bypass. Containment performance and source term category
groups are determined using a binner function with a specified grouping
logic. Source term category grouping logic selects those sequence
characteristics important to source term assessment. Release category source
terms are estimated based on the results of Modular Accident Analysis Program
(HAAP) computer runs,

2.3.10 Risk Contribution Evaluation

The results of both the core damage quantification and the source term
releases have been analyzed to identify the dominant contributors to each in
terms of initiating events, system and component failures, operator actions,
containment capacity, and phenomenclogical s et.si t i v i t y . This has been
achieved by performing three sets of annlyses: sensitivity, importance, and
uncertainty. The use of importance analysis leads to the identif! cation of
the dominant contributors to the frequency of core damage and the frequency
of a given source term. The identification of vulnerab1]ities in this vay
(dominant or significant contributors that are initiating events, component
failures, operator actions, maintenance items, or containment building
failure modes) enables the areas in which improvements vould have the most
impact to be identified. The important contributions to decay heat removal g
failure and the evaluation of these vulnerabil:ities is addressed in the risk W
contribution evaluation tcsk.

2.4 INFORMATION ASSEMBLY

The first step in the performance of the IPE vas the assembly and review of
the documentation necessary to perform this study. This consisted of the
USAR, the PRA performed for Grand Gulf (Drouin, 1989), the piping and
instrumentation diagrams, normal and emergency operating procedures, control
room logs, maintenance records, aad selected thermal hydraulic analyses
performed by General Electric and the archi t ec t /enginc er Gilbert /
Commonvealth. In addition, the PR/ studies performed for the BVR/6s at
Kuosheng in Taiwan (ROC, 1985) and Cofrentes in Spain, (Hydroelectrica, 1991)
were made available to the project team.

The members of the project team from CEI vere all very familiar with the
Perry plant. The members of the project team from Gilbert / Commonwealth vere
also very familiar with the Perry plant, having been involved in the
construction and startup of the plant. All the Halliburton NUS personnel had
previously performed a PRA for the BVR/6 at Kuosheng and vere therefore
familiar with the plant layout and performance. Visits were made by
personnel during the course of the study to acquire specific information
relating to the flooding analysis and to system performance.

O
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1 0neLof th'e major-concerns when develeping a- living IPE/PRA model is that it
represents ~the as-built as-operated plant. In order to ensure that the Perry
model described _in this report meets this requirement, the folloving specific
actions-vereftakens.

1. The study was performed by the Independent Safety Engineering
Section~ at_ the Perry site so that design documentation was
-directly available.

2. -Analysis-files vere set up for each phase of the model oevelopment
to ensure that the documents used and decisions made on the basisof information in a given -document vere recorded. This ensures
that comparison between the model and subsequent design change
packages can:be_made in a :entrolled manner.

3. The design engineers reviewed all the system models for
correctness of assumptions concerning design, alignment and
operation.

4. O mrations reviewed all the event trees.-

5.- The current _ set of__ operating procedures were used in performing,

the human reliability ar.alysis and many of the actions . vere
discussed with training and operations personnel.

6. Maintenance data was acquired _directly from plant operating,
_

. experience.- -

i

7. ~A __significant_ number of visits were made_to the plant to walkdown
_

systems which vould lead to flooding and trace potential flood
' propagation pathways.,

8. The Containment Building Strength Evaluation and portions of the
internal flooding analysis were performed by. Gilbert / Commonwealth,
the architect / engineer (A/E) for.the Perry Nuclear Power Plant,

9. In addition to reviews of each of the system analyses by the,

appropriate design engineers, intermediate reviews of the work
products and the draft report were performed by key personnel from
the operations, training, and engineering departments.

.

2.4.1 Plant Layout and Containment Building Information

The; Perry Nuclear. Power Plant is a Wo unit site on which only Unit I has
been completed and is operating. Unit 2 vas approximately 40% complete when
all .vork vas stopped. The -site is therefore a single unit site as tar as
interactions are concerned. The unit is a General Electric BVR/6 vith a Mark

L III . containment. The -balance of plant systems vere engineered by
| ~ Gilbert / Commonwealth. The unit started commercial operation in 1987. Some

.important design features of the Perry plant are described in Table 2-2..
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The applicability of the unique teatures associated vith Mark III containmentdesign to the progression of an accident are discussed in Section 4.1 o' thereport.

2.4.2 Review of PRA Studies of Plants Similar to Perry %

Three BVR/6 Mark III plents have been the subject of previously publishedPRAs. These are the Kuosheng Nuclear Pover Plant (ROCAEC, 1985), Grand Gulf
(Druin, 1989) and Cofrentes (ifydroelectrica, 1991). The NRC has also
published a document summarizing generic risk insights for General Electric
Boiling Vater Reactors (Travis, 1991). Other studies reviewed forinformation pertaining to either internal events, internal flooding or
containmer t evaluation analysis vere GCSSAR II (General Electric, 1982), the oEPRI docment recommending sensitivi'.y analysis to be performed when usingthe HAAP code (Kenton, 1991) and the evaluation of severe accident risk
pe formed for Grand Gulf reported in N11 REG /CR-4551 (Brovn, 1990).

For 'the Level 1 analysis, the above studies vere revieved to identify the kdominant contributions to core damage and any plant-specific vulnerabilities
associated with equipment or systeres similar to equipment or systems atPerry. In particular, careful attention vas paid to the Grand Gulf st'dy to (determine what assumptions had been made with regard to room cooling

.

requirements, the availability and modeling of support systems and the
evaluation of the emergency operating procedures and recovery actions. Theresults of this study are compared with the results of the NtIREG/CR-4*50 *

and other BVR/6 PRA results in sections 1.4.4 and 3.4. Important insights efrom some of these studies are listed in Table 2-3 and the core damagefrequencies for a number of plants in Table 2-4. ,

.

<

For the Level 2 analysis the above studies were revieved to identify 1) Plantsystems and components important to accident progression and mitigation,
2) Phenomenological events and processes which are important to dryvell and =

containment failure and source term definition, and potential containment
loading and failure mechanisms and modes. These studies vere also reviewed '
to determine the criteria and parameters used in the definition of plant
damage states and the physical procesr.os, system operation, operator actions,
etc., which vere considered of sufficient importance to containment accident
progression to be included as a containment event tree heading in theanalysis. The results from the containment analysis are compare'l vith the
results from the analysis performed for Grand Gulf in sections 1.4.4 and4.7.4.

2.4.3 Valkthrough Activities

In order to ensure that all members of the project team vere familiar with
the Perry Plant, a plant familiarization ta-k was include 1 in the work scope.This consisted of reviewing the system descripticas and making a plant visit

the beginning of this study so that analysts could familiarize themselvesat

with the general information and layout of the plant.

As the study vas conducted at the Perry site visits were made to the unit as
and when the need arose. The areas of analysis which resulted in such visits
are discussed in the following sections.

_- - _ _ - - _ _ _ _ _ _ _ _.
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2.4.3.1 Human Reliability Analp is

Throughout the human interaction modeling cask, communication was maintained
with the Operations Procedure Unit personnel in ordet to thoroughly perform
the plant logic model consttuction. Particularly, close communication wasmaintained uith +he Plant Emergency Instruction Coordinator to clearlyundecstand the Plant Fmergency Instruction Flow Charts. Several PlantEmergency lastructionn relating to alternate injection and containment
venting vere valhed down in the plant. The assessment of human interaction
timing was determined from intervievs with the Operator Training Unit, aswell as plant operator valkdown.

2.I,.3.2 Data Analys_ij

Beca *as e cf the short operating history of the plant generic failure data was
used for component failure rates. For unavailability due to maintenance for
the HPCS and RCIC systems, Perry-specific data from the third operatingcycle was used as the core damage frer,uency was most sensitive to the
maintenance unavailability of these systems. Earlier operating cycle datawas used for other systems. The enintenance data was taken from the UnitLog, Active LCO Tracking sheets and the Fire Protection Log for the periods
of time when the unit was at pover. Maintenance data for the Motor Feed Pumpvas taken from Vork Orders. These documents were obtained from DocumentControl at the site.

( 2,4.3.3 System Modeling

As part of the system modeling task plant valkdowns vere performed. These
walkdowns are documented in the analysis files of the system modeling task.
Valkdowns were done on an area by area basis without trying to trate a systemfrom beginning to end. General location of components, external crudbuildup, rust, leaks, and general cleanliness vete all examined as part ofthe valkdown process. A team of two individuals performed all systemmodeling walkdowns.

2.4.3.4 Dependencies and Common Cause

Included in the walkdowns performed for the system modeling task vere
examinations of potential dependencies such as the proximity of systems and
components to high energy pipes and tources of water damage, sources of heat

enclosed areas subject to heat buildup. Multiple systems located in a
or
given vicinity vere noted. This is documented in the system modelinganalysin files.

Page 2-11
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2.4.3.5 Internal Flooding

Several valkdowns vere performed by a team of two persons covering thegeneral plant areas with emphasis, on the critical identified zones.
Direction of door opening, penett a tiers, and equipment heights verc
investigated. In addition numerous one man valkdovns took place. These
typically involved checking the gaps under doors, measuring critical heights
on skid and panel mounted equipment, and various other concerns such as
counting pipe velds where this factot vas needed for input to the flood
initiation frequency,.

2.4.3.6 Containment Evaluation

The containrtent evaluation valkdovn focused on modeling the m> A n of
containment f ailure irnpact on RPV injection and on suppression poc,1 loss.
Containment valkdowns vete made to Unit 1 to provide gener',1 familiarizar. ion
of detail. When the containment anchorage failure made var ! 'etified, the
valkdowns vere extended to the Unit 2 containment (now under construction) to
better examine the contninment construction within the open shield building
annulus.

O

O
Pag: 2-12 |

_



,, . . ~, -- - .-. - .. . . ~ . . . . . . . . . . . . . - - ~ ...- - . ..- _ . ~

t

_

~

:

!

I

'U -

N Referencesy

-

.

,

--

I

:Brovn, T,0. et al 1990 Evaluation of Severe Accident'Risksi Grand Gulf Unit 1 !
'

NUREG/CR-4551 Vol .6 R .- 1 pc:ce i du T,~ Sandia National .|Laboratories, Albuquerque, NM. '

_

i

Drouin, .H.T. et al,~1989 Analysis of Core Damage Frequency: Grand Gulf, Unit
i

1 ,- Iaternal Events NUREG/CR-45TO, Sanila National LaboratoriesT
Albuquerque,tTS. -

General Electric,'1982_ GESSAR II BIR/6 Standard Plant Probabilistic Risk +

Assessment, General Electric Company, San Jose, CA l_

-Rickman,1 J,V., 1983, PRA Procedures Guide: .A Giude to the Performance of
'

Probabilitic Risk Assessmer.ts t[r] Nuclear- Power Plants",
'

NUREG/CR-2300 Vol 1 and 2. Am 3rican reclear Society and Instituteo

of Electrical and Electronic Engineers ;

Hydroelectrica Espanola S.A,~, 1991 Central- Nuclear de Cofrentes Analysis
Probabilista de Seguridad Doc. No. K90-S-35-? Hadrid, Spain.

:Kenton, M.A. and J.P Gabor, 1991. Rt. commended . Sensitivity Analysi for an
Individual Plant Exsair3 Tion using MAAP 3.08. ElectriT Power |'Research Iiistitute, Palo Alto, CA

NRC, 1989,- Individual Plant.Examinetion; Submittal Guidance, NUREG-1335,
.. - -_USNRC Vashington, D.C.

| ' ROC- AEC, _ Republic of China,. Atomic Energy Council) 1985 ''Probabilistic Risk(
'

: Assessment Kuosheng Nuclear Pover Plant ~ Unit 1", Executive Yuan,
Taipel, Taivan.

_

Travis, R. et.al, 1991. Ceneric Risk Insights-for General Electric Boiling
Vater Reactors NUREG/CR'-$692,. Brookhaven National Laboratory,

'

Upton, :NY -
,

j. .

|

'

.

!

|

|

'O .

Pagu 2-1:

._. __ _ .___, _ _ ~ _ _ _ ._ _ _ _ _ . _ . _ _ , _ , . _ . _ _ . . . - . . _ . _ _ . _ _



F l

Table 2-1

Lis t of_ J'rocedures

Description Number

IFE Froject Plan -NA-
IPE Technical Assignment Plan 80793
Initiating Event / Accident Sequence Task Plan 80744/B0745 -

System Modeling Task Plan 80746
Dependent Failure Task Plan 80747
Data Base Task Plan 00748
t!uman Interaction Task Plan 80749
Rick Contribution Evaluation Task Plan 80750
Internal Flooding Tcsk Plan 80751
Containment Evaluation Taak Plan 80752
Final Repert Task Plan 80755

9
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.

Summary-of Design Features - Perry

~

1. _111gh..Presaurc Injec tion Sys tems

a.;High pressureJcore spray; diesel backed motor driven pump.,

b.1 Reactor core' isolation cooling; turbine _ driven pump.
.

te., Condensate /Feedvater system; turbine and motor driven pumps.
2; Lov Pressure Injection S,vstems-

,

a.xLov pressure' coolant-injection system; three independent trains.
-b.'Lov pressure-core spray syst<;m;-one' train.

.c. Condensate transfer alternate injection system.,

.

"d.: Fire Protection system; diesel driven pump.9

--, uepressuritation System-,
_

a.1Autenatic.depres'surization system - 8 relief valves-. , - - -

f(z -

i\m. b.TManual- depressurization using ADS or non-ADS valves
'

.
.

*

19 reliefvalves. .
-

- 4.. Decay..-lleat1 Removal

,

- a. Pover conversion system.

(b. -TvoDtrains of R}iR' vith. one heat exchanger in each train which can bey usedLin the-following modes:
|

y~ ? - - Shppress' ion pool-. cooling mode;,

4 Containment-spray mode.
-

J

-5.1 Emergency Service Vater

Tvo: trains of emergency service vater with one pump-in each trata which
- provides cooling to the Rh'It heat exchanger,c. One_ train provides analternativerinjection' path tof the RiiR train B.

-

6._Elee'tricsl Design.,

a.fNumber-of offsite' circuits = 4

Y -
b. Number of auxiliary power circuits = 4 .

(,]y . liunit auxiliary transformer;.

,. I startup transformer ~(per unit).

drv y 6a -

9 ,p-p- g- p w my w wr e ea m c _' e- 7A



Tabic 2 ~ continued

c. Number of preferred power circuits of ESF buses = 2.

d. Number of ESF buses per unit - 3.

e. Number of standby AC preer sources per unit = 3 (1/ESF bus),

f. Number of 125VDC sys tems = ti (2/ESF bus).

g. Sharing of standby power supplies and interconnection betveen safety
buses - Division 3 D/G (HPCS) can be connected to ESF Bus 2.

7. Containment Stru'.ture

a. Type: Mark III, steel containment vith pressure suppression,
enclosed by reinforced concrete shield building. Containmentenclosed dryvell and suppreselon pool,

b. Construction: Steel shell enclosed by reinforced concrete
cylindrical structure vi th hunispherical head. The internal
design temperature is 185'F, )the design pressure 15 psig and
the free volume 1.165 X 10'ft .

c. Drywell: Reinforced concrete; basically cylindrical with a flat
concrete rc>cf with a steel refueling head. The internal design
temperature is 330'r and design pressure is 30 psi. The externaldesign pressure is 21 psi. The free volume is 277,700 ft'.

d. Suppression Pool: Reinforce.d cancrete, steel lined; basicallyannualr. The minimum water volume is 115,612 ft'.

i

l

|

|

)
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- Table 2-3
-

Sionificant Insightt. From Other Studies

NURIE/CR-4550 Grand Gulf Tt". (1989)
s

1. Station Blackout Sequences are the dominant contributor to -)re damage
(9M ) .

! Significant contributions are:
Operator failure to recover AC power
RCIC turbine driven pump failure

-Failure to recover diesel generators
Diesel generator hard' tare failures
Battery common cause failure

2. AWS sequences contribute 31, all other sequences are at er below a
core damage frequency of 1.02--B$r.

Kuocheng Study (AEC, 1985)

1. A WS sequences are the dominant contributor to core damage (761).

O Significant contributions are:

Failure of the standby ligaid control systems (SLC)
Failure of the operator to initiate SLC
Failure of RCIC pumps

2. Loss of offsite power and station blackout contributes 13% and all
other transients 8%. Loss of coolant accidents contribute 3%. -

Cofrentes Study (llydroelectrica, 1991)
,,

1. Loss of offsite power and station blackout accidents are the dominant
contributors to core melt (66.5%).

Significant contributions:

Failure of the RCIC turbine driven pump
Common cause failure to operate the diesel generators A and B
Operator failure to depressurize following a station blackout
Common cause failure of Div I and II essential service water pump
6ischarge valve to open

2. Loss of coolant accidents conttibute 15.5% and transients resulting in
isolation of the raactor, loss of feedwater, loss of instrument air and
loss of service water contribute 16%. ATWS sequences only contribute
2't .

O
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Table 2-3 continued

Generic Risk Insights for UWRs (NUREGKR-5692,1991)

'Ihis study sumarizes the results from seven studies.

1. For 3 plants loss of offsite power and station blackout are the
dominant sequences.

2. For 3 plants transients or sm ll LOCA with failure of high pressure
injection and a failure to depressurize are dominant.

3. For one plant transients or LOCA followed by loss of containment heat
removal is dominant.

4. For one plant the maximum contribution from failure to scram is 43%.'

For all the other plants it is 12% or less.

O
,

|
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O Table 2-4

Comparison of Core Damage Prequency From Various FFAs_

Mean Core Damage
Plant PRA Prequency for

Internal Events
Cofrentes

2.o E -7
Grand Gulf

4.0 E - 6
Perry

1.2 E -5 -

Ktunheng
3.4 E -5

Surrey
7.4 E -5

Oconee
1.4 E -4

Seabrook
1.7 E -4

Three Mile Island 4.4 E -4

0

.
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FIGURE 2-2 OVERVIEW OF LEVEL 1 PRA METHODOLOGY
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FIGURE 2-3 OVERVIEW OF LEVEL 2 PRA METHODOLOGY
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3.0 FRORT END ANALYSIS l0^
3.1 ACCIDrXT DELINEATION

|
The reporting of the accident delineation process is divid6d into foursections. In the first section the selection and grouphg of the initiatingis described.events The event treca as ociated with och initiating event
group and itr success criteria are dt.veloped in sections 3.1.2 and 3.1.3 for
the Front Line and Special event trees respectively. Finally the sequence
grouping into the various plant damare states in order to achieve the Level
1/ Level 2 interface is described in section 3.1.4.

3.1.1 InitiatinL Events
For the purpost of this analysis, initiating events are defined as those i
plant occurrences, during normal plant operation, which cause a rapid
shutdown of the plant (automatic scram), or an immediate need to manually
trip the plant (manual scram), so es to challenge the capability of the plant
systems to bring the reactor to a safe shutdown condition. Manual orderly
shutdowns of the plant for outages or administrative reasons (i.e. Technical '

Specifications) are not considered. Events during plant startup, shutdown or
below . 12% power are additionally-exejyded from the scope of this study. Thedecision to define events at power es those above 12% is that this is the
point at which the modo switch is placed to RUN.

This section discusses the identification of the initiating events which areO analyzed in the Perry IPE, and the ginuping of these events into classes.d- The list of Perry IPE initiating events is identified in Table 3.1.1-1. Thislist provides input for the event tr:e task. Event trees, thich define the
i p? ant response to the given initiator, are developed for each initiator.

The scope of this analysis incleles internally initiated events only. That.i s , those abnormal occurrencer vittin the plant systems which have the
potential to cause a plant challenge. This includes internal flooding, which
is discussed in the report of the flooding analysis in Section 3.3.1.

3.1.1.1 Initiating Events - Identification

The significant issue in the development of the list of initiating events is
completeness.- To minimize the possibility of omitting a significant
initiator, the task of identifying initiating events is subdivided into three
categories.

A. Transients
B. LOCAs

: C. Special Initiators

Each task is defined and discussed in the following subsections.

3.1.1.1.1 Transients'

'
For. this analysis a transient is defined as any event which requires or

s results in-a reactor scram. The first step involved with identifying a list
of PNPP specific transiert events is to prepare a list of all transients

Page 3-1
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|

vhirh have occurred in other BVRs. NUREG/CR 3862 (NRC, 198Sa) provides a
summary and categorization of all industry transient events and is used as e
basis for this analysis. NUREG/CR-3862 updates and validates the transient
categorizations identified in EPRI Nr-2230 ( McCl yrron t , 1982). Thirty-seven
BVR Transient Category Definition. vere delined in the EPRI report. The samecategorization vas used in NUREG/CR-3t%2.

All PNPP post scram testart reports from plant startup through scram 1-90-01r

vere reviewed to determine the basic cause of scram, plant response following
scram and to identify any unique featut2s of the PNPP design. These events2 vere then classified using the EPRI BVR Transient Category Definitions toverify the completeness and applicability of the transient definitions toPerry.

The transirnt categorization used in NUREG/CR-4550 (Drouin, 1989) for the
Grar.d Gulf analysis vas also revieved to ensure that no unique transient
categories vere identified for a plant of similar design configuration.

The EPRI BVR Transient Category Definitions as described by NUREG/CR-3862 are
listed in Table 3.1.1-2. The review of all Ferry scram reports verified that
all the transient events which have occurred at Perry were represented by the
industry operating experience described by the EPRI BVF Transient Categorl(s.Also, the reviev determincd that the Grand Gulf Initiating EventsIdentification as described by NUREG/CR tS50 referenced the LPRI BVR
Transient Categories as a summary of transient initiating events, and did not
identify any additional transient categories.

During the review of the Perry scrams, it was noted that the thirty-seven
EPRI BVR Transient Categories provide only three associated with startup and
shutdown operation: Lov Feedvater Flov During Startup, High Feedvater Flov
During Startup or Shutdown, and fligh Flux Due to Rod Withdraval at Startup.
The Perry IPE analysis considers that a more refined transient categorization
vould include the classification of reactor power level for each applicable
category. The transfer from startup or shutdown operation to pover operation
was selected to be at 12% reactor pover. 12% reactor power corresponds to
the limiting reactor pover level when the reactor mode switch is placed in"run" during startup opetation. As the IPE specifically excludes
consideration of initiating events other than those which occur at power, no
further investigation was made of events below 12% power.

?,1.1.1 2 LOCAs

Loss of Coolant Accidents (LOCAs) comprise one major class of initiating
events. LOCAs are examined because they vould cause a plant trip and cculd
require emergency core cooling systems to operate.

A reviev vas made of Probabilistic Risk Assessments (PRAs) performed for the
Kuosheng Nuclear Power Station (AEC, 1985). Grand Gulf Nuclear Station
(Drouin, 1989), and the General Electric 238 Nuclear Island (GESSAR II, GE,
1988). Kuosheng is a BVR/6-218 and Grand Gulf is a 3VR/6-251.

Each of the studies examined at least three different break size ranges
defined as Large LOCA, Intermediate LOCA, and Small LOCA. Vessel rupture was
also included in each of the studies. LOCAs bypassing the containment vere

Page 3-2
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addressed by the General Electric and Kuosheng PRAs. System interfacingO LOCAs vere addressed by the Grand Gulf- PRA (NUREG/CH 4550) and Kuosheng PRA.Grand
Gulf included one LOCA not addressed in the other studies revieved. Aleak from the Recirculation pump seals was termed a Small-Small LOCA.

LOCA break sizes are determined by success criteria for the LOCA definitionsprovided below. The break sizes used by Kuosheng vere determined through theuse of General Electric (GE) NEDJ-24708A (CE, 198h) based on BVR/6-218
plants .and calculations made by the computer code MARCH. The Grand Gulf

ibreak _ sizes vere scaled up based on GE NED0-24708A. GESSAR II used the GE
{licensing codes incorporating best estimate decay heat and modeling of core

heat up to account for the steam cooling etfects following core uncovery. !

'u.h.e LOCA--n

2 a,arge LOCA '(Type A) is defined as a break large enough such that the b

'

reactor vessel vill depressurize and allov the lov pressure injection systemsto inject into the reactor vessel.

The Kuosheng study defined this as a break of greater than or equal to0.3 sqft for both liquid and steam breaks as determined from GE NED0-24708A
and MARCH code calculations.

The Grand Gulf study took the data from the same GE report as Kuosheng but
scaled the break size up based on a reactor vessel diameter of 251 inches. Abreak size of greater than or-equal to 0.4 sqft was used by Grand Gulf forboth liquid and steam breaks. >

In the GESSAR II PRA, GE calculated the break sizes to be greater than or
equal- to 0.5 sqft for a liquid break and greater than or equal to 0.3 sqft
for a steam break.. This study'vas based on BVR/6-238 plants.

,

Since Perry is a BVR/6-238 model plant, break sizes of greater than or equal
to 0.5 sqtt for a liquid break and greater than or equal to 0.3 sqft for a
steam break taken from the-GESSAR II PRA vill be used for a large LOCA.

Intermediate LOCA
,

An Intermediate LOCA (Type Si) is defined as a break large enough such that
the Reactor Core Isolation Cooling system alone is not sufticient to mitigate
the accident and not large enough to depressurize the reactor vessel to where

- the lov pressure ECCS vould inject into the reactor vessel.-

The Kuosheng PRA used break sizec of between C.005 and 0.3 sqft for liquid
breaks and_0.1 to 0.3 sqft for steau breaks with an assumed Reactor Core
Isolation Cooling (RCIC) system flov cate of 600 gpm.

The. Grand Gulf study used data from the NED0-24708A and scaled the break size
up based on a reactor vessel diameter of 251 inches. Break sires of between

.0.007- to 0.4 sql* for liquid breaks and 0.13 to 0.4 sqft for steam breaks
were used by Grand Gulf with an assumed RCIC flow rate of 825 gpm.

In the GESSAR II'PRA', GE calculated the break sizes to between 0.01 to 0.5
sqft for a liquid break and 0.1 to'O.3 sqft for a steam break with an assumed
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RClc flos rate of 700 gpm.
!

Since Pe r r., is a BVR/6-238 model plant and has the same RCIC flow rate as
that used iri the GESSAR II PRA, break sizes of 0.01 to 0.5 sqft for a liquid jbreak and 0.1 to 0.3 sqft for a steam break vill be used for an intermediate

!LOCA.
l

Small LOCA

A Small LOCA (Type S2) is defined as a break small enough such that the
Reactor Core Isolation Cooling system alone can maintain the core covered.

The Kuouheng PRA used break sizes of less than or equal to 0.005 sqft for
liquid breaks and less than or equal to 0.1 sqft for steam breaks.

The Grand Gulf study used data from the HED0-24708A and scaled the break size
up based on a rector vessel diameter of 251 inches. Break sizes of less than

equal to 0.007 sqft for liquid breaks and less th.n or equal to v.13 sqftor
for steam breaks were ured by Grand Gulf.

the GESSAR II PRA, GL calculated the break sizes to be less than or equalIn
0.01 sqft forto a liquid break and less than or equal to 0.1 sqft for asteam break.

Since Perry is a BVR/6-238 model plant and has the same RCIC flov rate asthat used in the GESSAR 11 PRA, break stres of less than ot equal to 0.01
sqft for a liquid break and less thaa or equal to 0.1 sqft for a steam break
vill be used for a small LOCA. The lover bound for a small LOCA vill betaken to be the Technical Specification leakage from the reactor coolant
system.

Small - Small LOCA

The Grand Gulf study considered a Small-Small LOCA (Type 53) defined as a
recirculation pump seal leak. Although this type of LOCA is easily detected
and isolated, because of its higher frequency, it was addressed. Leaks on
the order of 50 to 100 gpm could occur on a per pump basis.

At Perry the recirculation pump seals are vell instrumented and a seal Icakvould easily be detected. Applicabit' PNPP operating instructions list the
recirculation pump seals as possible leakage sources. Operating instructions
direct operators to trip and isolate the recirculation pump given a sealleak.

It is not expected that the Reactor Protection System would be activated due
to the capability of the feedvater system to make up the leakage and the
length of time it would take for the Dryvell to pressurite sufficiently to
reach the reactor scram setpoint.

From NUREG/CR-4550, Table 4.9-26, the mean probability of a Small-Small LOCA;
'

occurring is 3.0E-2. Table 4,.9-25 provides a probability of failing todetect and isolate the leakage as 1.0E.2. Therefore, the probability that a
Small-Small LOCA vould exist and not l e detected and isolated is 3.0E-4. Theprobability of a Small LOCA is given by Table 4.9-26 as 3.0E-3. Since the

Page 3-4

!
r



-1

r Small-Small LOCA event is an order of magnitude less than the small LOCA vith
the -same outcome, event type S3 au defined by NUREG/CR-4550 vill not be
considered further.

Interfacing System LOCA

An Interfacing System LOCA (Type V) is defined as a break of a high pressure
to lov prensure interface with the primary system.

The Kuosheng' PRA identified the following lines as susceptible to an
interfacing- LOCA: Lov P essure Core Spray injection lino, Shutdovn Cooling
discharge line (A and B), Shutdown Cooling suction line, how Pressure Coolant
Injection lines (A, B, and C), and the Residual Heat Removal Head Spray line.

The ; Grand Gulf study identified the Emergency Core Cooling Systems' (ECCS)
injection lin2s and the Reactor Vater Cleanup system.

,

The GESSAR II PRA did not explicitly address the interfacing system LOCA
;event.

Perry. vill use the exclusion criteria described in NLIREG/CR-5124 (Chu, 1989)
the basis for determining the lines susceptible to interfacing LOCAr. A

as'

reviev -of ths. Perry design was performed with the following lines identified i
!

as potentially susceptible to interfraing LOCAsl MSIV Leakage Control lines
(A, B, C, and D), RHR Head Spray line, Reactor Core Isolation Cooling suction
line, RHR Steam Condensing suction lines, RHR shutdown Cooling suction lino,

O- RHR. Shutdown Cooling return lines (A and B), RllR Lov Pressure Coolant
Injection lines (A, B, and C), Low Presture Core Spray injection line,
Reactor Vater Cleanup suction line, Standby Liquid control suction lines, and
Feedvater pump suction lines.

Table 3.1.1-3|provides a list of valves which must fail. Each of these
valves either receives a closure sigr,al on line break, is normally closed or
is a check valve, the closure of any one of the valves in each pathway vill
prevent- high- pressure- fluid from- challenging low pressure piping, thuspreventing an interfacing LOCA. The frequency of these failures is evaluated
in the data section.

Containment typass LOCAs

containment Bypass LOCAs (Type O) are all LOCAs occurring in high pressure
portions of systems that result in the discharge of reactor coolant outside
of the containment.

The Kuosheng PRA identified the following lines as potentially susceptible to
inillating a LOCA that bypasses the Containment: Hain Steam lines (A, B C,
and D), Feedvater lines (A and B), liigh Pressure Core Spray injection line, .

Main Steam-to RCIC and RHR and'the Reactor Vater Cleanup pump suction.

The Grand Gulf study did not explicitly model LOCAs bypassing-the containment
-as a separate group from Interfacing LOCAs. Several of the ECCS injection
lines fall into the category defined by LOCA Bypassing Containment.L e

|I 'A review of the Petry design was made with the following lines identified as
[ being potentially susceptible to a LOCA that bypasses the containmentt Main
|
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Steam lines (A, B, C, and D), Main Steam Drain lines (A, b C, and D), HSIV hLeakage Control lines (A, B, C, and D), RCIC injection line, Main Steam toRCIC and RHR, Reactor Vater Cleanup suction lines (A and B), Ret.c tor VaterCleanup return lines (A and B), High Pressure Core Spray injection line,
Standby Liquid Control injection lines (A and B), and Feedvater lines (A andB).

Table 3.1.1-4 identifies the valves which must fail. Each of these valveseither receives a closure signal on line break, is normally closed or is a
check valve. The closure of any one of the valves in each line up villisolate a LOCA that bypasses containment.

Reactor Vessel Rupture
'

LOCAs from Reactor Vessel ruptures (Type R) can be divided into two
_

categories. In the first category, ete Reactor Vessel tuptures ate of a sizeand in a location such that they are essentially equivalent to a large,intermediate, or small pipe break. This type is covered in the large,intermediate, and small 10CA initiatots. In the second category the ReactorVessel ruptures are grer.ter than the size of a double-ended recirculationline break or are located in the regi<>n belov the core shroud.

The above definition comes from the Grand Gulf study The Kuosheng and GESSAR
II PRAs simply postulate a random Reactor Vessel rupture that exceeds thecapability of the ECCS systems.

Perry vill use the Grand Gulf definition with the location being top of thejet pump instead of belov the core shroud. This provides a reflood of 2/3core height capability.

3.1.1.1.3 Special Initiators

In addition to the evaluation of transient and LOCA initiator categories, a -

failure modes and ef f ects analysis (THEA), of suppot t systems was conducted.
The purpose of the FHEA vas to identify special initiators unique to the PNPPdesign. A special initiator is defined as any internal initiating event
vhich vill:

- Cause a reactor scram.
- 1s additionally capable of degrading an accident

mitigation system required in response to the
initiator.

The FMEA vas divided into five categories addressing the loss of both safetyand non-safety support systems. The acope of each category is defined below

- Electrital Systems: (Safety and Non-safety)

- 13.8 KV Buses
- 4.16 KV Buses
- 480 VAC Butes
- 120 VAC Buses
- 125 VDC buses

-Air Systems: (Safety and Non-safety)
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: j- - Instrument Air System (PS2)
,

- Service Air System (P$1)
- Safety Related Instrument Air System (P57)

- Vater Systems: (Safety and Non-safety) !

t

- Service Vater System (P41),

-

- Emergency Service Vater System-(P45) t

- Nuclear Closed Cooling System (P43)
- Emergency Closed Cooling System (P42)
- Turbine Closed cooling system (P44)
-. Turbine Building Chilled Vater System (P46)
- Control Complex chilled Vater System (147)

'

- Containment Vessel Chilled Vater (P50)

- IIVAC Systemst (Safety and Non-safety)

- Containment Vessel Cooling System (Hil) '

- Dryvell Cooling System (H13)
- Controlled Access and Hisc. Equip. Aren !!VAC (H21)
- HCC, Svitchgear and Hisc. Elec. Areas llVAC (H23)
- Battery Room Exhaust (H24) '

Control Room ifVAC and Recirculation System-

(H25/H26) ,

. Computer Room flVAC (H27)-
Emergency closed Cooling Pump Area Cooling (H28)

O- - ECOS Pump P.oom Cooling system (M39)
- Steam Tunnul Cooling System (H47)
- Turbine Pover Complex Ventilation System (H42)

- Control Cabinets

Plant design information from the~PHPP Off-normal Instructions (ONIs), Syctem ;Operating Instructions (SOIs), Alarm Response. Instructions (ARis), P& ids,Electrical One-line- Diagrams. post, scram reports, Licensee Event Reports
(LERs) design calculations, System Description Manuals (SDHs), valkdovns and >

discussion with operations support personnel provided the basis for the
- evaluation. The evaluation process assumed the complete loss of each of
subject support system. Plant response was characterized from the references
described above.

Sgecial Initiators Identified:

From. this review the following special initiators were retained for further
- analysis ,

-. Loss of Instrument Air
- Loss of Servict Vater

Loss'of'Instrume,nt Air
r

p ('$ Loss of Instrument Air vould cause r plant scram through the dependency of
4 multiple plant systems upon irstrument air. A reactor scram would be

expected due to the HSIV closure caused by loss of air, or on high voter

Psge 3-7
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level in the scram discSorge volume (SDV) caused by drifting of the scram
valves and the closure of the vent and drain valves.

'

The MS1Vs vill close on decreasing et> pressure causing a loss of the Power
conversion System (PCS). Loss of the Steam Jet Air Ejectors vill also lead |to a loss of the PCS. Due to vatlous system dependencies the loss of
instrument air vill also lead to the Joss of make-up air to the non-ADS SRVs,
probanle loss of feedvatet flov, loss of the RHR steam condensing mode and
loss of CRD as an alternate flov injection source.

For the non-ADS SRVs immediate operability vill not be affected due to the
accumulators which provide a source o: backup air. The HSIVs are also backedup by accumulators. Teedvater flov is expected to be lost due to the lockupof the Hot Surge Tank level control velves, the falling open of the feedvater
and feedvater booster pump tecirculation valves and the lockup of the Motor

;

Feedpump flow control valve.
The CRD flov control valve vill fail closed on

i

loss of air causing a decrease in the drive vater flow to the CRDs.

Based on the dependencies described above, the loss of instrument air meets
the criteria to be considered as a special initiator.

Loss of Service Vater

The loss of Service Vater event vill lead to the loss of Steam Tunnel Cooling
since Service Vater provides tre ultimate cooling source for the Steamevent

Tunnel cooling System. This results in a reactor scram on high steam tunnel
temperature and MSIV closure. In addit.'on RCIC isolation vould occur after adelay of 30 minutes. A reactor scram vodd also be expected due to the loss
of stator cooling water (turbine trip) or o.' a high dryvell temperature dueto loss of Dryvell Cooling. /. loss of feedvr.ter and CPD flow vould also beexpected as both systems vould be required to be mataally shutdown due to
loss of component motor bearing erd /or lube all cocling. The Service
Air / Instrument Air compressors vouJd also be expected to trip on high
temper' ture. This event is treated a a special initiator.

'

Spg lal Initiators Eliminated,by Screjning:
__

Through the process of the failure modes and effects (FMEA) analysis, several
initiators which may have been considered for analysis in other PRAs or which
may have initially appeared significant were climinated. Such considerationsare addressed below.

The review of plant electrical systeem did not identify any hus loss whichvould meet the criterin established in this study for a special initiator.Electrical loads are distinctly reparated between safety and non -saf etyloads. No single loss of a safety bun vas identified which vould cause areactor scran. Additionally, loss of a safety bus vould not cause more than
the loss of one division of plant safety systems. Several non-safety busesvere identified that vould cause a reactor. scram due to variety of plantresponses. In fact some are documented by actual plant scrams. However,
none vere identified which vould cause a loss of an accident mitigation
system other than feedvater or the PCS. Each of these events are alreadyidentified as transient initiating events (T2 and T3B). '
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The loss of Safety Related Instrument Air is not a special initiator. TheO- oni.y loads provided by this system are the ADS accumulators and one non-ADS
SRV. Loss vould not result in a reactor scram
accident-mitigation rystem. or the immediate loss of any

.

The loss of the various plant vater systems identified only the loss ofService . Vater (F41) as a special initiator. Loss of- the safety related i

service vater syr,tems, including Emergency Service Vater (P45) and Emergency
Closed Cooling (P42), vere not included as special initiators as neither
vould cause a reactor scram upon system loss.

-

|
The HVAC systems vere revieved for special initiators. None vere retained.
The loss of Control Room HVAC vas rev.ieved, hovever it met neither of the two

|eriteria for special initiators. A review of engineering eniculations.dicated that under realistic analysis criteria (i.e., credit for heat isinks, realistic heat loads) that the control room heatup vould remain belov
the control room qualification temperature of 120 degreen Fahrenheit, thus

j

challenging the capability of conttol room equipment.not t.dditionally, the
shutdown room, cooled by a separate HVAC system would be available toremote

provide control capability to achieve nafe shutdovn.

The-. loss of-the MCC, Switchgear and Hiscellaneous Electrical Equipment Area
:

HVAC vas reviewed. Two redundant. divisionally separate loops, each with ,

redundant fans,-are. available--to individially provide 100% room cooling.
!

L

Assuming- the loss of all cooling, no, intelection was identified which vould
cause a teactor scram or requirement for immediate shutdown. Additionally,O exceedance of equipment temperature qualification limits. engineering calculations indicated a very long. time lag (>24 hrs) prior to'any

It is assumed thatcorrective. action could be taken prior to .any potentially significantequipment loss.

The loss of Control Complex Chilled Vater (CCCV) does not meet the specific
criteria of a special initiator since nu immediate automatic or m>raal scramis expected or required. However, due .to a Technical Specification
requirement for plant shutdo a vithin six hours upon the loss of Control Room

'HVAC E(which is at load supplied by CCCV)-this event vill lead to reactor .

'

shutdown.> However retent -analysis has confirmed that the Switchgear roomheatup vill not lead to loss _of functioning equipment, therefore all ECCS
villi b'e availt'le and this event does not need to be treated as a specialinitiator,

The! failure modes and effects analysis (FHEA), included a limited look atcontrol cabinets to identify any potential special initiators. The revievscope and criteria-included the folloving:

-Only Control Room cabinets vere reviewed, excluding the " horseshoe
control panels.

-Each cabinet was reviewed to ensure that each cabinet was eitherdivisionally' separated or t* at it controlled only one plant" function".-~ Examples of pinnt functions include, RPV 1evel control, t

RPV Pressure control, HVAC, etc.

- The analysis consisted of a Control Room valkdown and review of panel
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dravings.

The results of this analysis indicated that all cabinets vere eitherdivisionally or functionally separated. tJo special initiators wereidentified.

3.1.1.2 Ini tia ting Even ts - Groupinj;

The process for transient identification vas iescribed in section 3.1.1.1 andthe results are provided in Table 3.1.1-5. Each of these transients vererevieved and grouped according to plant response. This grouping reduces the
total number of events which must be individually analyzed, while retaining
the detail of the individual events. Table 3.1.1-5 identifies the criteriaand rationale for grouping each of the transient events identified in Table3.1.1-2 into the final initiating event group.

By comparison to tiUREG/CR-4550, several of the transients which for Grand
Gulf vere categorized as transients with loss of PCS (T2), vere recategorized

loss of feedvater transients (l'3B) for Perry. This is due to the Petryas

specific design which causes a trip of the RFP turbines on a high RPV vater
level (LB).

By their definition LOCA, special initiators and internal flooding each has a
'inique plant response. No grouping o f t .*- 's e initiators is required orpossible.

3.1.2 FRONTLINE EVENT TREES

This section discusses the development of event trees for each initiating
event as identified in section 3.1.1 of this report (see Table 3.1.1-1) and
the acceptance criteria used to define success or failure in a given function
to prevent core damage following an initiating event and the front line and
support systems which vill perform those functions.

3.1.2.1 Acceptance Criteria

ruel Boundaries

In the IPE ve are concerned with two 1,1vels of modeling, the identification
of core damage, and the risk posed by the release of fission products
following core degradation and melting. For the core damage analysis the
conditions defined are very similar to that defined in the Grand Gulf study
(NUREG/CR-4550). For Perry, core damage is defined as exceedance of any of
the fuel boundary criteria in the USAR or an occurrence of significant core
uncovery such that the water level talls belov -112 inches and there is no
expectation of imminent reflooding o* the core. As the bottom of the active
fuel is at -150 inches this is slightay higher that that defined in the Grand
Gulf study (24 inches above its bottom of the active fuel). However the
timing difference between reaching the level of -112 compared with -126 is so
small that this vill make nerligible dif ference to the assessed core damagefrequency. The rasult in both caser is prolonged uncovery of the core which
leads to damaged fue'. and an expected release of fission products.
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Reactor Coolant Boundary

the acceptance criteria for maintaining integrity of the reactor coolant '

boundary is based on not exceeding the corresponding American Society of
Hechanical Engineers (ASHE) Boiler and Pressure Vessel Code Level C service '

,

limit stress criterion during any trenslent. The number of safety relief ivalves required to open for a given event is based on this criterion.

Containment Building Integrity '

. Analysis performed by Gilbert Commonwealth (G/C, 1992) shoved that theContainment Capacity Threshold Limit (i.e. a 1 percent probability ofcontainment failue) for the Perry containment is 50 psig. This has been
taken as the basis for the timing of the requirement of long term containment
heat removal.

I

System Acceptance Criteria ,

Besides the- above overall acceptance criteria, there are also specific
,

acceptance criteria for components and systems. Two of them which have an
influence on the- construction of the event and fault trees and thedevelopment of the success criteria arce

:

1. Pumped fluid temperatures for pumps connected to shesuppression pool. t

2. Maximum ambient temperature for all safety equipment.

The first of these is addressed in developing the various event trees for
initiating events which are going to result in injection systems taking. suction from. the suppression pooJ and the second in evaluating the

. performance of each system in response.to the various initiating events.

3.1.2.2 Front Line and Support Systems.

The basic' requirements for prevention of core damage and prevention or
mitigation of the release of fission products can be divided into thefollowing four functions.

1. Reactivity Control
2. Reactor Coolant System Overptessure Protection ;

'

3. Emergency Core Cooling.

4. Containment Overpressure Protection and Fission Product Control.

For a given accident initiating even', the systems that directly perform one
or .more of .these functions are defined as front line systems. Supportsystems are'those that affect the course of the sequence only by means of
their: effect on the operation of a front line system. The list of front line '

and support systems is given in Table 3.1.2-1 and the dependency between them-in Table 3.1.2-2. The dependency of some support systems on other support
systems is- shown in Table 3.1.2 ~.. The level of support varies from
dependency to dependency. For example, cooling dependency is continuous.

n~

. But. power may only be required for a very short period of time when system
initiation is required. Room cooling may only be re. quired when a system is

..
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operating and tne system may be able to operate for an extended period oftime without room cooling. These requirements are identified in thedevelopment of the event and fault t r aes.

3.1.2.3 Event Tree Deve h mente

The event tree model is the central analytical tool used in t' determinationof the frequency of core damage, and the various vays in vhisn it can occur.As the principles of its de"elopment are vell documented in the PRA
Procedures Guide (NRC, 1983), and the Interim Re11 ability Evaluation ProgramProcedures Guide (NRC, 1982a), they are not described in detail in thisreport. Some discussion is, however, provided on those aspects of thedevelopment of the event trees that ace specific to the present study.

The initiating event task defined ths LOCA and transient initiating events,
grouped according to the major functient required to prevent core damage.
The first task in the development of the event tree is to define theirontline system requirement to meet the acceptance criteria for each of thefunctions defined in section 3.1.2.2. The second task is to identify theimpact of thc initiating event on the front 12ne or support systems requiredto perform each of the functions.

The most important aspect of devel; ping the event trees from the aboveinformation is to reflect the inheterit functional and physleal dependenciesbetween each phase of the sequence, and at the same time, the interactionbetween operators and systems as the sequence unfolds. Thus the event treeis developed by first considering those functions (reactivity control,
overpressure protection) that are required early, and then those which arerequired in the long term. In this way, it is relatively straight forward tomodel dependencies between functions. For example, in the case of a largeLOCA, injection is required immediately. If injection fails, it vill not be
necessary to consider long term containment heat removal in the context ofcore damage, although it vill be considered later in terms of the impact ofits loss on long term containment integrity. This is discu. sed in section3.1.4.

Operator interactions, such as cooling down and depressurizir,g the RPV vhencalled for in the emergency procedt.res, by use of the ADS either in theautomatic or manual mode, are specifically identified, so that the
relationship between the success or failure of the operators interaction can
be clearly identified.

Finally, it vill be noted that for initiating events that are not telated to
loss of a support system, the event tr(e addresses only systems which perf orm

i the functions identified in Section 3.1.2.2. The dependency of each of these
! systems on the various support s>rtems is developed in the analysis ofi individual systems. In the case of loss of a support system, such as loss of
! offsite pover, recovery of the support system is included in the event trees.'

The rtsults of this phase of the study are the identification of theindividual core damage sequences, and the detailed analysis requirements for
determining the timing and progression of each accident sequence. The timingis required in order to evaluate the impact of the operator actions, and the
time of occurrence of the automatic systems initiat;en signals.
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(

O The front line event trees described in this section are for the following
i

initiating events.

Transients vith losslof the Povtr Conversion System T2
TransientsEvith Power Conversion System initially available T3A
Transients it.volving loss of feedvater, but vith the-

Power Conversion System initially available T3B
Large Loss of Coolant Accident

A
Intermediate Loss of Coolant Accident S1Small Loss of Coolant Accident S2 '

3.1.2.4 TRANSIENT VITil A LOSS OF PCS EVENT TREE
,

3.1.2.4.1 General Description

= Transients 'vith a loss.of the Power Conversion System (PCS) are defined as
.

class T2 transients, consistent with the nomenclature utilized in i

;

NUREG/CR-4550.

The T2 transient-is characterized by the_ocettrence of an event or action -

which causes a loss of the PCs. A plant scram due to a MSIV isolation or a ,

loss of condenser vacuum are examples of such a transient.

Table 3.3.1-5 identifies the EPRI classified transienta which comprise thistransient category.

For the purpose of this analysis, the PCS is defined as the main steam
,

system, the turbine. bypass system. the main condenser and its primarysupporting systems, (i.e., Circulating Vater System, the Steam Jet AirEjectors , etc. ) . .

3.1.2.4.2 Success Criteria

Success criteria for the' loss of PCS transient is listed in Table 3.1.2-4.The incorporation of-these success criteria into the event tree is discussed
'

-in the following section.

3.1.2.4.3 Event Tree

The event tree for this transient is provided on Figure 3.1.2-1 sheets 1-3.-
Heading definitions are provided belov in the approximate chronological order;

that vould be expected following a transient vith a loss of PCS.

T2 A le>- of PCS transient occurs which disrupts the normal operation of
|t! ant and requires mitigation.

-C Success or fai' lure' of RPV reactivity control with RPS automatic or
manusl scram or 'ARI. Success implies that a sufficient number of!
control rods have . inserted into the core to provide a shutdown rod
pattern. .- Thus , a successful reactor scram has occurred. Failure'

implies the rods have not inse';ted-to a suberitical rod configuration.
?

. . Failure sequences-transfer to the ATVS event tree.
-
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P1 Success or failure of RFV pressure control vith the SRVs opening andreclosing. Success implies that the required SRVs opened and reclosed.Failure implies that of the SRLs which successfully opened, one failed
to reclose. Failure sequences are developed in a transfer event tree. '

The sizing of the SRVs is such . hat one open SRV results in leakage and
depressurization of the RPV at the same rate as in the small LOCA. The
success criteria is the same as the small 10CA and the event ttee(Sheet 2) is developed accordingly.

P2 Success or failure of RPV prensure control vith the SRVs opening andreclosing. Success implies that the required SRVs opened and reclosed.
Failure implies that of the SRVs which successfully opened, tvo failed
to reclose. Failure sequences are developed in a transfer event tree.
The sizing of the SRVs is sucn that two open SRVs results in leakage
and depressurization of the RTV at the same rate as the intermediate

-

LOCA.
The success criteria is the same as for an intermediate LOCA andthe event tree (Sheet 3) is developed accordingly.

U3 Success or failure of RPV 1cvel control with the Motor reedpump.
Success implies that the Motot feedpump (HFP) is manually initiated bythe plant operators and adequate RPV level control is maintained.Failure implies that the Motor Teedpump could not be, or was not
started such that RPV level control cannot be maintained with the NFP.

U2 Success or failure of RPV level control vith the RCIC system. Successimplies that either RCIC automatically actuated at RPV level 2 or that &it was manually actuated and in providing adequate RPV level centrol. WIt further implies that long-term containment heat removal vith RHR inSuppression Pool Cooling mode successfully maintains containmentconditions for long-term operability of RCIC. Failure implies that
RCIC is not maintaining RPV level control or that long-term containment
heat removal is not maintained, resulting in the loss of RCIC.

U1 Success or failure of RPV level control vith the HPCS system. Success
.

implies that either HPCS automatically actuated at RPV level 2 or that
it was manually actuated and is providing adequate RPV level control.
Failure implies that RPV level control cannot be maintained with HPCS,

X Success or failure of emergency PPV depressurization. Success impliesthat the ADS vas automatically or manually initiated or that the
operator manually depressurized the vessel with at least 4 SRVs.Failure implies that ADS failed and that the operator failed tomanually emergency depressurize with the required number of SRVscausing the reactor vessel to remain at a higher prese"te than that
required by the PNPP Plant Emergency Instructions (PEls) for successful
RPV level control vith lov pressure injection.

V Success of failure of RPV level control vith the ECCS lov pressuremake-up systems, Success implies that, at a minimum, LPCS or one loop
of LPCI eithet automatically initiated or vas manually placed inservice and is providing adequete RPV level control. Failure implies
that RPV level control cannot be maintained by an ECCS lov pressureinjection system.
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success or failure of RPV- level control with the Condensate TransferAlternate Injection alignment. Success implies, that the CTS alternate
injection _ alignment vas manually started by the plant operators and
that the alignment successfully provided RPV level control. Failureimplies that CTS alternate inlection was not aligned or that it was
unable to maintain RPV level control.

V Success or failure of long-term containment heat removal vith RilR to
maintain containment pressure L(lov the containment Capacity ThresholdLimit of 50 psig. Success imp)ies that long-term heat removal can be
achieved by at least one of the folloving modes of RifR. Failureimplies that no long-term containment heat removal mode of RHP, vas
aligned or that pressure ca.irot be maintained iaelow the Containment
Capacity Threshold Limit.

v One RHR train in Suppression Pooling Cooling mode,

o One RHR train in the Containment Spray mode.

Y Success or failure of long-ter:n containment heat removal by venting of
the containment. Success implies that one of the belov listed ventingpaths were aligned, per the PEIs, prior to containment presture
exceeding the Containment capacity Threshold Limit of 50 psig and that
the aligned path maintains pressure belov that limit. Failure implies
that no path was successfully eligned or that the containment CapacityThreshold Limit was exceeded,

o Fuel Pool Cooling and Cleanup System. Manual alignment of vent path
throogh the fuel pool skimmers into the fuel fiandling Building.

o RilR Contairiment Spray Loop / cr B. Manual alignment of vent path
through the containment spray header into the Fuel llandling Building.

Cv Defines the sesceptibility .o f, the core to _ damage, dependent upon
containment conditions. Sucress implies that given containment
failure,.the-core is still maintained in a safe configuration.- Failure

-implies that the containment-failure has led to a degradation of plant
systems such that the core is susceptible to damage. The evaluation of
this function is discussed in Section 4.4.

The ' development of the functional fault tree for each of these
functions with the appropriate system bcundary conditions defined by
the initiating event is described in Appendix E.

3.1.2.5 TRANSIENT VITil PCS AVAILABLE M pit TREE

_ 3.1.2.5.1 Ceneral Description

! Transients with the Pover Conversion system (PCS) available are defined as
'

class T3A transients, consistent vith the nomenclature utilized in
NUREG/CR-4550.

For''the purpose of this analysis, tbe PCS is defined as- the main steam
system, the turbine bypass system. the main condenser and its primary
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supporting systems 3 (i.e., Circulating Vater System, the Steam Jet AirEjectors, etc.)

The T3A transient is characterized as a " typical" plant scram (i.e., allsystems and functions are potentially available to respond to the transient,including the feedvater sys:cm and the PCS).

Table 3.1.1-5 identifies the EPRI classified transients which comprise thistransient class. Plant scrams due to a turbine trip or manual scram ateexamples of such a transient.

3.1.2.5.2 Success critetia

success criteria for the PCS available transient (T3A) is listed in Table3.1.2-5. The incorporatien of these tuccess criteria into the event
.

tree isdiscussed in the following section.

3.1.2.5.3 Event Tree

The event tree for this transient is provided on Figure 3.1.2-2 Sheets 1-3.
Heading definitions are provided below.

T3A A transient with PCS available occurs which disrupts the normal
operation of the plant and requitec mitigation.

O success or failure of the PCS to remain available. Success implies
that the PCS is available to provide RPV pressure control and to remove
decay heat from the RTV for 24 hours following the initiation of thetransient. Failure implies that it is not available. This transfersto the transient with loss of PCS event tree.

U3 Success or failure of RPV le/cl control vith the Feedvater system.
Success implies that one of tvo Reactor Feedpumps (RFPs) or one Motor
Feedpump (MFP) started or continued to run and provided successful RPVlevel control. Failure implies that the feedvater system could not
maintain RPV level control.

U1 Success or failure of RPV level control with the HPCS system. Successimplies that either HPCS automatically actuated at RPV level 2 or that
it was manually actuated and is providing adequate RPV level control.
Failure implies that RPV level control cannot be maintained with HPCS.
As PCS is available, no containment heat removal is required follovingsuccessful HPCS operation.

The remaining functions C, P1, P2, U2, X,V, Va, V, Y, and Cv are asdescribed above in the previous section for the T2 transient. The
development of the functional fault trees for each of the functions with the
appropriate boundary conditions is de.'.tribed in Appendix E.

3.1.2.6 LOSS OF FEEDVATER TRANSIENT Lyr.NT TREE

3.1.2.6.1 General Description
||

Transients with a loss of feedvate. are defined as class T3B transients,
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1 :

The 73B transient is characterized as a transient with the Power conversioni System (PCS) available, further characterized by the loss of the feedvatersystem.

For the purpose of this analysis, the loss of feedvater is defined as loss ofthe two normally operating Reactor Feedpumps (RFPs). The Motor Feedpump(HFP) is assumed to be able to be recovered by operator action.,

The Reactor
. -Feedvater Booster Pumps and the condensate system are assumed available to'

support Hir operation for this transient.

The complete loss of feedvater (including the loss of the HFP) is modeled inthe T3B event tree path in which recovery with the HFP has failed. (Failure-of function U3, discussed belov).

The PCS is defined as being available for this transient. The PCS is definedas the main steam system, the turbine bypass system, the main condenser andits primary supporting systems (i.e., Circulating Vater System, the SteamJet Air Ejectors, etc.)

Table 3.1.1-5 identifies the EPRI classified transients which comprise thistransient class.

3.1.2.6.2~ Success criteria

O 3.1.2-6. Success criteria ~for the loss of feedvater transient (T3B) is listed in Table

3.1.2.6.3 Event Tree

The event tree for - this transient in provided in Figure 3.1.2-3. Headingdefinitions are.provided below. As b/ definition the PCS remains availablethe SRVs ar9 not challenged, therefo:e events P1, P2, are excluded from the
tree.

T3B A loss of feedvater transient occurs which disrupts the normaloperation of the plant and requireu mitigation.

O Success or failure of the PCS to remain available. Success implies
that'the PCS is available to provide RPV pressure control and to remove
decay heat -f rom the RPV for- 24 hours following the initiation of the
transient. Failure implies'that it-is not available.

U3- Success or failure of RPV level' control with the Motor Feedpump (HFP).
Success implies that- the HF/ is manually- initiated by the plant
operators and adequate RPV lavel -control is maintained. Failureimplies. thatLthe Motor Feedpump could not be, or vas not started such

.that RPV level control cannot be maintained with the NFP. As PCS is
available, no containment heat removal is required following successful
HFP recovary.

U1' Success ur. failure of RPV level control with the llPCS system. Successimplies that either HPCS automrJically actuated at RPV level 2 or that

Pat;e 3-17
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it vas manually actuated and in providing adequate RPV level control.
Failure implies that RPV level control cannot be maintained with flPCS.
As PCS As available, no containment heat removal is required followingsuccessful llPCS operation.

The remaining functions C, U2, X, V, Va. V, Y and Cv are the same as thosedescribed in the T2 e/ent tree in section 3.1.2.4 The development of thefunctional fault tree for each of there functions with the appropriate systemboundary conditions defined by the initiating event is described inAppendix E.
.

3.1.2.7 LARGE LOCA EVENT TREE
j

3.1.2.7.1 General Description

The Large LOCA event is defined as a class A event. consistent vith the
nomenclature utilized in NUREG/CR-4550.

l

A large LOCA is defined as a break large enough such that the reactor
pressure vessel (RPV) vill depressurire without the assistance of Automatic
Depressurization System (ADS) or the Safety Relief Valves (SRVs) and permit
the low pressure injection systems to inject into the reactor vessel.

This event is expected to result in a rapid loss of RPV vater inventory,
resulting in a trip of the reactor an.d the main turbine generator (RPV level
3) and the loss of the pover conversion system (PCS) due to closure of the
Hain Steam Isolation Velves (MSIVs), (FPV level 1).

Only Emergency Core Cooling Systems (ECCS) are ims diately available forinjection of vater into the RPV. The Reactor Core Isolation Cooling System
(RCIC) is not available due to the absence of steam pressure to drive theRCIC turbine.

3.1.2.7.2 Success Criteria

The success criteria for a large 10CA is provided in Table 3.1.2-7.

Depressurization of the reactor vesso) and closure of the HSIVs eliminates
use of the turbine driven feedvater pumps as a source of vater to the reactor
vessel.

'3.1.2.7.3 Event Tree

The event tree for this event it provided on figure 3.1.2-4. fleadingdefinitions are provided below.

A A large LOCA occurs which disrupts the normal operation of the plant
and requires mitigation.

C Success or failure of RPV rerctivity control with RPS automatic or
manual scram or ARI. Succesr implies that a sufficient number of
control rods have inserted i.n t o the core to provide shutdown rod
pattern. Thus, a successful reactor scram has occurred. Failureimplies the rods have not inserted to a subtritical rod configuration.
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Failure sequences transfer to the ATi|$ event tree.

U1 Success
or failure of RPV level control vith the llPCS system.implies
that either HPCS automatically actuated at RPV level 2 or thatSuccess

it was manually actuated and is providing adequate RPV level control.
Failure implies that RPV level ec,ntrol cannot be maintained with IIPCS.

V
Success or hJ1ure of RPV level control vith the ECCS lov pressuremake-up systems.

Success implies that, at a minimum, LPCS or one loopof LPCI either automatically initiated or was manually placed inservice and is providing adequate RTV level control. Failure amplies
that RPV level control cr.nnot be maintained by an ECCS lov pressureinjection system.

V
Success or failure of long-tere containment heat removal vith RHa tomaintain

containment pressure below the containment Capacity ThresholdLimit of 50 psig.
Success implies that long-term heat removal can beachieved by at least one of the following modes of RHR. Failureimplies

that no long-term containment heat removal mode of RilR vasaligned or that
pressure 'cannot be maintained below the containmentcapacity Threshold Limit.

One RHR train in Suppression '?ool Cooling mode.o

One RHR train in the Containment Spray mode.o

: _ Y Suutess'

or failure of long-term containment heat removal by venting ofthe containment.
Success implie= that one of the below listed ventingpaths vere aligned, per the PEls, prior to containment pressureexceeding

the Containment Capacity Threshold Limit of 50 psig and thatthe aligned path maintains pretsure belov that limit.
that no path was successfully aligned or that the containmentFailure implieslimit was {exceeded,

Fuel Pool Cooling and Cleanup System.o
Manual alignment of vent path

through the fuel pool skimme.s into the Fuel llandling Building,
PHR Containment Spray Loop A or B. Manual alignment of vent path

o
through the containment spray header into the Fuel 11andlingBuilding.

Cv Defines the susceptibility of the core to damage, dependent uponcontainment conditions. Success implies thnt given containmentfailure, the core is still maintained in a safe configuration.implies Failure
that the containment failure has led to a degradation of plantsystems such that the core is susceptible to damage.

The vacuum breakers are normally closed
of the Grand Gulf study motor operated valves so as in thecase

omitted from the event. the potential for suppression pool bypass was
.

O '
calculations vere performed

determine if suppression pool make uptorequired .to provide vapor suppression, vas
i.e. to maintain the containmentpressure .belov the containment failure pressure. It was established that ;

'

.
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ruppression pool make-up is not required either to n,aintain pump NPSH or
prevent vortex limits to be exceeded. It vas also shovn that containmentdesign pressure vould not be exceeded. These analyses are reported in theanalysis flies developed for this task.

The development of the functional fault trees for each of the functions with
the approximate system boundary conditions defined by the initiating event
and subsequent system successes or failures is described in Appendix E.

3.1.2.8 IfffERHEDIATE LOCA EVENT TREE

3.1.2.8.1 General Description

The intermediate LOCA event is defined as a class 51 event, consistent with
the nomenclature utilized in NUREG/CR-4550.

An intermediate LOCA is defined as a break large enough such that the Reactor
Core Isolation Cooling (RCIC) alone is not sufficient enough to mitigate the
accident and not large enough to depressurize the reactor vessel to where the
low pressure ECCS vould inject into the RPV.

This event is expected to result in a rapid loss of RPV vater inventory,
resulting in a trip of the reactor and the main turbine generator (RPV level
3) and the loss of the PCS due to closure of the Main Steam Isolation Valves(MSIVs), (RPV level 1).

Only Emergency Core Cooling Systems (ECCS) are immediately available for
11jection of water into the RPV. RCIC capacity is defined as insufficient
for the event.

3.1.2.8.2 System Soccess criteria

System Success Criteria for an Intermediate LOCA are listed in Table 3.1.2.8.

During an Intermediate LOCA the condensate /feedvater systeins vould at tempt to
maintain water level in the reactor vessel but would be unable to do so prior
to a reactor scram. Eventually a trip of the reactor and the main turbine
generator vould be received and the loss of PCs due to a closure of the Main
Steam Isolation Valves vould be experienced. Depressurization of the reactor
vesse.1 _ by means of the Main Steam Saf t:ty Relief Valves is necessary for the
operation of the lov prensure system to mitigate the accident. Alternate
injection from Condensate Transfer Alternate Injection alignment vill provide
adequate lov pressure injection.

-

3.1.2.8.3 Event Tree Heading Definition
_

The event- tree for this event is provided on Figure 3.1.2-5. Heading ;definitions are provided below.

51 An intermediate LOCA occurs which disrupts the normal operation of the
plant and requires mitigation.

t

O'-X Success or failure of emergency RPV depressurizatlon. Success implies r

that the ADS vas automatically or manually initiated or that the {
IPage 3-20
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s operator manually depressurized the vessel with at least 2 SRVs.I i
Failure implies that ADS failed and that the opetator failed to\--

- nually emergency depressurize with the required number of SRV causing
the reactor vessel to remain at a higher pressute than that requited by
the PNPF Plant Emergency Instructions (PEIs) for successful RPV levelcontrol vith low pressure injection.

Va
Success or fsilare et RPV level enntrol with the condensate TrancierAlternate Injection alignment. Success implies, that the CTS wlternate
injection alignment was manually started by the plant operators andthat the alignment successfully provided RTV level control, railureimplies that CTS alternate injec tion vas not aligned ot that it wasunable

to mait:tain RPv level control or that the ESV cross tie was notused.

The remaining functions C. U1 V, V. 1. and Cv nre the same as thosedescribed in the previous section lor the type A event tree.

The vapor suppression function is not modeled as calculations performed todetermine if it was necessary shoved that supprension pool make-up would notbe required. This is summarized in the analysis files for this task.
The development of the functional fault trees for each of the event tree

,

functions with the appropriate boundary conditions defined by the initiating ,

event and preceding function success or failures is described in App ndix E.

(''} 3.1.2.9 ,S_MA,LL LOCA EVENT TREE *
5 s-

3.1.2.9.1 General Description .

'

The small LOCA event is defined as a class S2 event, consistent "ith the
nomenclature utilized in PUREG/CR-4550.

The small 10CA event is defined as a break small enough such that the PCIC
m

system alone can maintain the core cov. red. However, the break is defined as
larger in size than that which would bt handled in an orderly plant shutdown.
A small LOCA vill not deptessurire the reactor vessel faut enough, without
the assistance of the. SRVs, to prevent uncovery of the core before the lov
pressure systems inject into the vessel.

The event is expected to cause oni> minor perturbation to the RPV vaterlevel. The cap 9tity of feedvater system is more than sufficient to make-up
the t ~' wory loc' due to the break. However, automatic reactor scram is
ex t. Y a oca,r due to a high drivell pressure ot due to lov RPV vaterlav c 1 3), if feedvater fails to provide level control.
3.1.2,? System Success Criteria

System success criteria 1.or a Small LOCA are listed in Table 3.1.2.9.

During a Small LOCA the condensate /feedvater systems can maintain vater levelin the teattor 'essel prior to a reactor scram. Eventually a trip of the(~
4 s, reactor red its ain turbine generator vould be received and the loss of PCSdue to a C o. ' of the Main Steam Isolation valves vould be experienced.
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RCIC and HPCS inject into the vessel to recover reactor vessel level. |hDeptersurization of the reactor vecsel by means of the Hain Steau SafetyRelief Valves is necessary for operation of the lov preasure systems tomit!gete ;hu accident. An alternate source of water is the CondensateTransfer Alternnte injection.

3.1.2.9.3 Event aree

The event tree for. this event is provided on Figure 3.1.2-6. Headingdefinitions are provided below.

52 A small LOCA occurs which disruptr the normal operation of the plantand requites mitigation.

03 Success or failure of RPV level control with the feedvater system.
-

Success implies thet one of two Eeactcr Feedpumps (RFPs) or one Motor
0 Feedpump (HTP) starts or continues to run and provide successful hPV2 level control. Failure implits that ti.e feedvater system cannot

traintain RPY level control.

U2 Success or tailure of RPV level control vith the RCIC system. St.c c e s simplies that either RCIC automatienlly actuates at RPV level 2 or that
it is manvally actuateo and is providing adequate RPV level control.
It turther implies that long-terin containment heat removal vi'.h RHR in
Suppresninn Pool Cooling mode successfully maintains containmentconditions for long-term operability of RCIC. Failure implies that g

a

RCIC in not maintaining RPV level control or that long-term containment Wheat removal is not maintained, resulting in the loss of RCIC.
X Success or failure of emergency RPV depressurization. Success impliesthat the ADS vas automatically or manually initiated or that theoperator manually depressurized the vessel with at least 3 SRVs.Failure implies that ADS failed and that the operatot failed to

manually emergency depressurize vith the required number of SRV causing
-

the reactor vessel to remain at a higher pressure than that required by
the PHPP Plant Emergency Instructions (PEls) for successful RPV leselcontrol with lov pressure injection.

Va Success or failure of RPV level control with the Condensate TransferAlternate Injection alignment. Success implies, that the C15 alternate
injection alignment was manua'ly started by the plant operators and
that the alignment successfull: provided RPV level control. Failure
implies that CTS alternate injection was not aligned or that it was
unable to maintain RPV level control or the ESV cross tie.

The remaining functions C, Ul, V, V, Y and Cv ate the same as those described
in the type A event tree in section 3.3.3. 7..

For the small LOCA, failure of the Vapor Suppression 7 stem was considered to
be a very lov frequency event and ths.refore not included in the event tree.
Vith a small 1.0CA, the RPV vill not immediately depressurize and only a high
pressure system would be operating. Flov vould b. 'imited by the break size..

Dravdown of the suppression pool voulu not occur quickly and even if all high
pressure systems fall multiple lov piessure systems are available to provide
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vater from external sources.

The development of the functional luult trees for each of the event treefunctions
with the appropriate boundary conditions defined by the initias!ng

. event and pacteding function success or failures is described in Appendix E.
3.1.3 SPECIAL EVENT TREES.

The
definition of the Acceptance Criteria and methodology for developing the+ event -trees is described in section 3.1.2.3. The same criteria andmethodology is used to develop the event trees for the folloving specialinitiating events.

Loss of Offsite Power and Station' blackout (Tl/B)Transient with Inadvertent Open Relief Valve
Loss of Instrument Air (T3C)

<

(TIA) !-Loss ~of Service Air
. - (TSV)

!Anticipated Transient Vithout Scram
(ATVS) i

No event trees _have been developed for initiating events
,

Interfacing System LOCA,

(V)
'

Containment Bypass (High Pressure System) LOCA
Vessel Rupture (0)

(R) l
.

Each of these events for chich a tree has been developed are discussed in the
s

following section. i

3.1.3.1 LOSS OF 0FFSITE POVER EVENT TREE

3.1.3.1.1 General Description

toss of _offsite power transients are defined as class T1 transients,
onsistent with the nomenclature utilized in NUREG/CR-4550.

Offsite AC pover is normally supplied from the 345 kV grid. The onsiteemergency diesel generators are designed to supply AC power to theEngineered-Safety-Features (EST) systems in the case of failure of alloffsite power.
,

A ' loss of offsite power causes a trip of. the reactor and the main turbinegenerator and the loss _of the PCS due to-the closure of the main steamisolation valves. Only Emergency Corn Cooling Systems (ECCS) and the Reactor
. Core Isolation Cooling (RCIC) System nre immediately available for injection.

.

Alternate- injection can be provided by.the diesel driven fire pump prior to
restoration of offsite power. -Other alternate injection alignments can be
provided from additional systems-only Then-the-offsite power is restored.

;

The Perry plant has three electrical divisions. Division 1 provides power
for- the LPCS system and -to Loop A of _the RHR system, and is essential for
long-term power to the DC power system,- which provides control power for

- RCIC. Division 2 provides power for the remaining two loops of the RHR,

. system, and Division'3 is dedicated to the HPCS system. If the Division _1

-

' -

and 2 diesel generators fail to start or fall vhile running before offsite
!
.

'
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pover is restored, station blackout occurs.
||3.1.2.1.2 Success criteria

Success criteria for Loss of offsite Power is listed in Table 3.1.3-1. "

The condensate /feedvater pumps have not been included in the Emergency Cote
Cooling success criteria upon power tecovety, due to vater hammer concerns onsystem restart.

For a Hotvell pump start, the discharge valve is required tobe manually throttled dovn.
After the initial recovery portion of the event,the operators vould be teluctant to start a Reactor

due to the potential for volding in the feedvater header.Feedvater tooster Pump

3.1.2.1.3 Ev_egt Tree
-

The event tree for this transient is provided on Figure 3.1.3-1 Sheets 1 6.Heading definitions are provided below.

Tl A loss of offsite pover transient occurs which disrupts the notmal
operation of the plant and requites mitigation.

C Success or failure of RPV reactivity contre) with kPS automaticmanual scram or ARI. Succese implies that a sufficient number of
or

' control is have inserted into the core to provide shutdown rodpattern. Thus, a successful reactor scram has occurred. Failureimplits the rods have not
Failure sequences transfer to the ATVS eventinserted to a subcritical tod configuration,&tree. W

P1
Success or failure of RPV pressure control v!th the SRVs opening and >

reclosing. Success implies that the required SRVs opened and reclosed.
Failure implies that of the SRVs which successfully opened, one failed
to reclose. This is equivalent to a small LOCA and is developed onSheet 4.

_

P2
Success or failure of RPV pressure control with the ShVs openinf. andreclosing. Success iniplies that the required SRVs opened and re-lesed.Failure implies that of the SRVs which successfully opened, onc failed
to reclose. This is equivalent

to an intermediate LOCA event and isdeveloped on Sheet 6.

B1 Success i

or failure of onsite emergency power to either the division 1or division 2 buses. Success implies that one or both buses areavailable and supplying povet to theA- respective loads. Failureimplies that both buses fail and that po.et is not being supplied todivision 1 and division 2 '. n a d s . This transfers to the stationblackout event tree.

U1 Success or failure of RPV level control vith the HPCS system. Successimplies that either HPCS automatically actuated at RPV level 2 or thatit was manually actuated and is providing adequate RPV level control.
Failure implies that RTV level control cannot be maintained vith HPCS.

OU2 Success or failure of RPV level control with the RCIC system. Successimplies that either hcIC automa:ically actuated at RPV level 2 or that
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it ''as manually actuated and in p 9viding adequate PPV level control.
'j It further implies that long-term containment heat removal with RHR in
,

Suppression Pool Cooling mode successfully maintains containmentconditions for long-term opernbility of RCIC. Failure implies that
RCIC is not maintaining RPV level control or that long-term containment
heat removal is not maintained, tesulting in the loss of RCIC.

R1 Recovery or nonrecovery of offrite pover. Recovery of offsite powerimplies that offsite power vao recovered and all safety related and
non-safety related buses have power. Nonrecovery implies thet offsit)
power was not recoverrl.

Upon failure of HPCS id success of RClc, R1 is based on recovery in3.3 hours. Upon iallu e of both 1100S and RCIC, R1 is based on recovery
-in 0.4 hours, for failure of both HPCs and RCIC and one stuck openrelief valve, R1 is based on ru svery in 0.26 hours.

Vs Success or failure of maintaining the suppression pool less than 185'F.
Success implies that at least ont train of RHR is in operation in the
supprestion pool cof>11nr: node. Failure implies that the suppressionpool could not be maintained belev 185'F.

X Success or fallere cf emergency RPV depressurization. Success impliesthat the ADS vas automatically or manually initiated or that theoperator manually depressurized the vessel vith at least 4 SRVs.Failure implies that ADS failed and that the optator failed to,

/ manually emtrgency depressurize sith the required number of SRV causing\

the reactor vessel to remain at a higher pressure than that required by
the PNPP Plant Emergency Insttictions (PFIs) for successful RPV levelcontrol with lov pressure injec. ion.

V Success or failure of RTV level control vith the ECCS lov pressure
make-up systems. Success implies that, at a minimum, hPCS or one loop
of LPCI either automatically initiated or vas manually placed in

-

service and is providing adequote RTV level control. Failure implies
that RPV level control cannot be maintained by an ECCS lov ptessure
injection system.

Hv Initial analysis indicated that svitchgear room cooling vas requited t.o '

prevent breaker failure. Recent analysis shoved that this was not thes

case. The function is still in the event tree but the probability of
failure is set to zero and success to one.

R2 Success or failure of the abilite to recover offsite pover. Success*
implies ofisite power is recovered. Failure implies that offsite power
vac not recovered within the fMloving time f remes.

Vith success of HPCs, R2 is based on tallure to recover in 12 hours.
Following failure of P. PC S , 12 is based on failure to recover in4 hours.

/G X2 Success or failure of e. Ment: RPV depressurization. Success implies'd that the ADS vas au sma ically or mr.nually initiated or that the
operator manually deptessuriz:d the vessel with at least 4 SRVs.
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Failure Implies that ADS failed and that the operator failed to kmanually emergency depressurire with the tequired .. umber of SRV causingthe reactor vessel to remain at
the PNPP Plant Emergency Instructions (PEls)a higher pressure than that required by

for successful RPV levelcontrol vith lov pressure injectino.
1his event occurs much later than2 above as it foljovs failure of high pressure injection after failureof the room cooling (Hv).

Va
Success or toilure of RPV level control vith the alternate lov pressureinjection systems. Success implies that either the aAternate injectionmode of the conelensate t ransf et system or the fire protection systemcrosstic to ESV B and RHR D was manually placed in service and ismaintaining RPV level control. If oficite pover is not available the
only alternate injection system modeled is the fire protection system.Failure implies that Rrv level control cannot be maintained by either
the condensate transfer system or the fire protection system.

V
Success or failure of long-term containment heat temoval vith RHR tomaintain containment pressure belov the Containment Capacity ThtesholdLimit of 50 psig. Success implier that long-term heat removal can beachieved by at least one of the following modes of RHR. Failureimplies that no long-term cont'.inment heat removaJ mode of RHR vasaligned or that

pressure cannot be maintained below the Containmentlimit.

o One RHR train in Suppression Pool cooling mode.
|)

o One RHR in the Containment Spray mode.

Y
Success or failure of long-tern containment heat removal by venting ofthe coatainment. Success implies that one of the below listed ventingpaths were aligned, per the PEIs, prior to containment pressureexceeding the containment Capaclty Threshold Limit of 50 psig and that
the aligned path maintains prersure belov that limit, Pailure implies
that no path was successfully al.!gned or that the containment limit was
exceeded.

Fuel Fool Cooling and Cleanup System. Manual alignment of vent path
o

through the fuel pool skinmers into the Fuel Handling BuildJng.

RHR Containment Spray Loop A or D. Manual alignment of vent path
o

through the containment spray header into the Fuel HandlingBuilding.

Cv Defines the susceptibility ef the core to damage, dependent uponcontainment conditions. Success implies that given containment
failure, the core is still maintained in a safe configuration. Failureimplies that the containment failure has led to a degradation of plant

-

systems such that the core is susceptible to damage.
The development of the functional fault trees for each of the event treefunctions with the appropriate boundary conditions defined by the initiating
event and preceding success or failures is described in Appendix E.
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, 3.1.3.2 STATION BLACKOUT EVENT TREE 5

3.1.3.2.1 Genoral tracription

The loss of offsite power transients which are further compcunded by the L

f ailure of both emergency AC Divisions 1 and ? vhich supply Llectric power to
,

the safe shutdovn RHR sys. ems arc defined as station blackout (SPO).
)
!

sequences.

:Station Blackout sequences are defined as "B" sequar: cts, consist n t with the
nomenclature utilized in NUREG/CR-4550.

:

Hultiple plant instructions address the station blackout event at Perry. In !addition _ to the BVP. Ovhers Croup EPG Revision 4 based Perry Plant EmergencyInstructions (PEls), off-normal instruction, ON1-R10, Loss of. AC Powerprovides scenatio specific plant insc.uctions.

A station blackout event is initiated by the occurrence of e loss of offsite
pover and the rubsequent 1 css of both Division 1 and Division 2 diesel '

;

generators.- The Power Conversion System (PCS), is lost due to the. closure of
the Main Steam isolation-Valves (HS)Vs). All ECCS systems ate immediately

'

'

lost, with.the exception of _the Division 3 diesel generator backed liigh '

. Pressure Core- Spray (HfCS) . System- and the AC independent Reactor Cote
Isolation Coolini tRCIC) System. Alternate injection vith the diesel driven- ,

Fire Vater punip is also available.

O ACUpon- the' loss of' motive power caused by a Station Blackout, the containrent
.

motor-operated isolation valven vill reenin in the normal plant lineup.~In. most. cares this la insignificant as the -

open penetrations lead to closedsystems. outside containment. The ~ upper containment fuel pool return line
,

'

penetration is not automatically isolated under 500 conditions and thus
providet a-containment vent-path, however the operatets are procedurallydirected to clone thin penetration.

The containnent , * f r opera ted isolation valves generally reposition in the
closed position allowing the loss of powers however, air-operated inboard
HDIV'befoto seat nnrmal Jrain valve, 1B13-F033, does not close and provides a
pat'avay fror the reactor vessel to th e lov pressure conde. user through a oneinch line.- This line is isolated by the operatocs during a station blackout '

by ' closing 1B21-F019. . The. front end. analysis vill assume that this manualisolation is alvays completed.

3.1.3.2.2 Success criteria

The'-success criteria for station blackout is listed in Table 3.1.3-2.- ;

13.1.3.2.3 Event Tree

Tha'' event tree for the station blackout event is provided en Figure 3.1.3-2
Sheets 1-3. Heading definitions are provided below.

OB lossofbifsitepovertransient. occursA with a subsequent failure ofonsite Olvision 1 and 2 power (Station Blackout) such that no AC power
is available. Initial mitigation is only possible with HPCS and RCIC.
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BP1 A loss of offsite power transient occurs with a subsequent failure of
onsite Division 1 and 2 pover (Station Blackout) such that no AC neveris available. In addition, one SRV is stuck open. Initial mitigationis only possible with HPCS ard RCIC. Failure of HPCS and RCIC isassumed to lead to core damage.

BP2 A loss of offsite power transient occurs with a subseo nt failure of
onsite Division 1 and 2 power (Station Blackout) such t no AC poueris available. In addition, tvo SRis are stuck open. Initialmitigation is only possible with HPCS. Failure of HPCS is assumed tolead to core damage.

U1 Success or failure of the HPCS system. Success implies that either
I*TCS automatically actuated at level 2 or that it was manually actuated
and is maintaining coolant make-up into the reactor vessel. Failure
implies that HPCS is not maintaining cool'nt make-up.

HI Success or failure of operator to take action to extend HPCS operation.
Success implies that the operators crosstie the Unit I and Unit 2L.batteries enabling HPCS to provide injaction for the complete missiontime. Failure implies that this was not successfully completed andthat HPCS injection f ails.

U2 Success or failure of the RClc system. Success implies that either
RCIC automatically cetuated at 1evel 2 or that it was manually actuated
and is maintaining coolant make-up into the reactor vessel until its
limiting system parameter is reached. Failure implies that RCIC is not
maintaining coolant make-up for its defined mission time.

Va Success or failure of the diesel-driven fire water pump. Vith saccessof RCIC upon the suppression pool temperature reaching 185"F the
operators are instructed to depressurize the RPV. Given a failure to '

depressurize, RCIC vill continuo to operate. Therefore, success of the
diesel d.-tven fire pump implies that the RPV vas depressurized causing
a loss of RCIC and that the fir e pump is injecting to the RPV and vill
contirue to run until limiting rystem parameters are reached. Failureimplies tha' u . c' stem could not main *ain injection for its defined
mission time.

R Success or failure of power restoration either from the offsite grid or
an onsite Division 1 or 2 diesel generator to the associatedsafety-related 4.34 bus (e:) at ti.s limiting critical time for each
accident sequent. .ces, implies ti a restoration of power does not
ectur in time to p ent care damage.

Vith HPCS success and successful operator actions to extend HPCS
operation, P. is based on recovery in 13 hours. If the operator action
to extend 1:PCS operation fails. R is based on recovery in 11 hours.
Vith failure of HPCS and success of RCIC and alternate injection with
the fire pump, .. is based on secovery in 13 hours. If the fire pump
fails, only 3 hours is available for recovery. If both HPCS and RCIC |hfail, R is b8 sed on recovery in 0.4 hours.
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Vith .one stuck open relief valve _the above recovery _ times are slightly
s

'

i more. restrictive. Vith HPCS success and successful operator action, R^ :-

-is based on recovery in 11 hours. . If the operator- action' fails, R-

remains based on recovery in 11 hours. Vith failure of HPCS and '

of RCIC and alternate injection with the fire pump, R is based-success
'on 11 hours. If the- fire pump fails,_only 2 hours is available for '

recovery.

The- times with two stuck open relief valves are the same as with one '

stuck open relief valve.
t

X Success or failure of emergency depressurization (automatic or manual)following the recovery of divisional power supplies. Success implies
that_the RPV is depressurized using the-appropriate number of SRVs for-the sequence (4,-3 or-2) Failure implies that the reactor has not_

.

been .depressurized and no ECCS system vill _ be capable _ to provide
injection into the vessel.

V Success or fail ce of lov. pressure nake-up. Success implies that a lov
!

pressure: ECCS. system is providing adequate make-up into the RPV.!

Failure implies no low pressure ECCS is capable of providing RPV
coolant'make-up.

Val Success or failure of condensate transfer alternate injection or fire
protection alternate injection crosstied to the HPCS injection line.

_ Success implies that the transfer systems vere aligned to the RPV and .

-

:are providing injection. Failure implies that-the systems could not
- provide coolant makeup.

.

"

Succc.s or failure of long-term containment heat removal by RHR
f-

supp.4ssion _ pool cooling or containment spray, to maintain containment
+

pressure belov the containment Capacity Threshold Limit .of 50 psig.Success implies that heat rmroval can be demonstrated after power
restoration by | operation of at least one heat exchanger. Failure

.

implies that heat . removal b) RHR _is not maintaining containment
pressure belov_the' limit.

Y Success- or failure-of containment heat removal by venting to maintain
containment -pressure below the Containment-Capacity Threshold Limit of

_

50 psig. Success implies thM steady-state heat removal cen be
demonstrated af ter the- power t e,toration time by a venting -operation

c perfor~med either manually _or with motor-operated valves. Failure'

_ implies that heat removal by renting is not maintaining containment
pressure below the limit.

o Venting with the Fuel Pool Geoling and Cleanup system requires the
manual: alignment of vent path through the fuel pool skimmers _into the
miel Handling _ Building.

.o Venting vith the RHR Containment Spray Loop A or B requires the
; manual -alignment of vent path through the applicable containment'

spray header into the Fuel Handling Building. Operation of the
containment motor operated va!ves requires AC power,

,

!
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Following failure of offsite AC power restoration success of venting ||implies that the division 3 buu has been crosstied to the division 2
bus and the inboard FPCC isolation vavle was successfully opened and
that the operators manually opened the Fuel Fool Ceoling and Clesnup
(FPCC) outboard isolation valve. Failure implies that the FPCC line is
isolated.

Cv Success or failure of operating injection systems following loss of
containment integrity. Success implies that adequate core cooling can
be maintained by the operating injection system. Failure implies that
the reuctor core was vulnerable to damage as a result of the failure of
an operating injection system coincident with loss of containment
integrity.

The development of the fun-tional tault trees for each of the event treefunctions with the appropriate boundary conditions defined by the initiating
event and preceding success or failures is descrlhed in Appendix E.

3.3.3.3 TRAN5IENT VITH INADVERTENT OPIN RELIEF VALVE

3.1.3.3.1 General Description

The inadvertent open relief valve (IORV), event is defined as a class T3C
transient, consistent with the nomenclature utilized in NUREG/CR 4550.

The 10RV transient is defined as the spurious or inadvertent opening, during
normal plant operation, of an SRV that then sticks in the full open position.
Vith an inadvertent open relief valve, reactor steam is discharged directly
into the suppression pool. Alarms, temperature monitors and plant response
vill readily indicate thr existence <>i an 10RV. The PNPP procedure for an
10RV calls for attempts by the operators to close the valve. PNPP Technical
Specifications call for an immediate plant shutdown if the valve cannot be
closed prior to the suppression cool exceeding Il0*F.

A HAAP analysis indicates that i t vill take approximately 8 minutes for the
pool temperature to increase from 90 tc 110*F.

For an 10RV transient, it is assumed that the Power Conversion System (PCS)
is initially available to eliminace any challenge to the SRVs for RPV
pressure control.

RCIC is capable of providing injectior for the IORV event. Additionally, an
IORV is assumed to not depressurize the reactor versel fast enough, without
the assistance of additional open SRVr or the ADS system, to prevent uncovery
of the core before the lov pressure systems inject into the vessel.

The event is expected to cause on1' minor perturbation to the RPV vater
level. The capacity of the feedvator system is sufficient to make-up theinventory lost due to the IORV.

No automatic scram is assumed to occur until the suppression pool heatup
causes an increase in the dryvell pressure and a resultant automatic reactor
scram.
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. This event is treated separately from the transient induced stuck open reliefvalve (SORV), since for - the 10RV, plant shutdown vill not occur until
-suppression pool temperature approaches 1109. For the SORV,-a plant scram

-

vill _ have occurred prior to-the open SRV. Thus, there is more critical
demand -upon the containment heat removal systems for the IORV than for theu

SORV.

3.1.3.3.2 Success-Criteria

The success criteria for a transient vith an inadvertent open relief valve is
listed in Table 3.1.3-3.

3.1.3.3.3 Event Tree

The event tree for this event is provided on ' Figure 3.1.3-3. Heading' definitions are provided below.

T3C An .10RV transient occurs which disrupts the normal operation of the
+

p3snt and requires mitigation.

C Success or failure of RPV renetivity control vith RPS automatic or
manual scram or 'ARI. Success implies that a sufficie.nt number of
control rods have inserted into the core to provide a shutdown rod
pattern. . Thus, a successful reactor scram has occurred. Failure
implien the rods have not inserted to a suberitical rod configuration.
Failura sequences transfer to the ATVS event tree.

U3 Success or failure of RPV level control with the feedvater system.
Success implies that one of tvo Reactor Feedpumps (RFPs) or one Motor
Feedpump (HFP) starts or continues to run and provides successful RPV
level _ control. Failure implies that the feedvater system cannot
maintain RPV' level control.

LU2 Success or failure of RPV level control with the RCIC system. Success
implies that either RCIC automatically actuates at RPV level 2 or that
it is manually actuated and is providing adequate RPV level control.
It further' implies that long-term containment heat removal with RHR in
Suppression Pool Cooling | mode successfully maintains containment
conditions for long-term operability of RCIC. Failure implies that
htIC is not maintaining RPV level control or that long-term containment
heat removal is not maintained, resulting in the loss of RCIC.

U1 Success or failure of RPV level control with the HPCS system. Successimplies that HPCS automatically actuated at RPV level 2 or-that it was
manually actuated and is~providing adequate RPV level control. Failure
implies that:RPV level control cnnnot be maintained with HPCS.

X Success or failure of emergency RPV depressurization. Success impliesthat ti e ADS was automatically or manually initiated or that the
: operator manually depressurized the vessel with at least 4 SRVs.
Failure implies that ADS failed un] that the oper+. tor failed to

1

manually emergency depressurize with the requircd number of SRV causing
the reactor vessel to remain at a higher pressure than that required byq
the PNPP Plant Emergency Instructions (PEIs) for successful RPV level
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control vith low pressure injection.
V

Success or failure of RPV level control with the ECCS lov pressuremake-up systems. Success implies that, at a minimum, LPCS or one loopof LPCI either automatically initiated or was manually plated in
service and is providing adequate RPV level control. Failure implies
that RPV level control cannot be maintaineo by an ECCS lov pressureinjection system.

Va
Success or failure of RPV level control vith the Condensate TransferAlter 1 ate Injection alignment. Success implies, that the CTS alternate
injection alignment was manually started by the plant operators andthat the alignment successfully provided RPV level control. Failureimplies that CTS alternate inVetion was not aligned or that it wasunable to maintain RPV level control.

V
Success or failure of long-ttrm containment heat removal vith RHR to
maintain containment pressure below the Containment Capacity ThresholdLimit of 50 p.sig. Success implies that long-term heat removal can be
achieved by at least one of the following modes of RHR. Failureimplies that no long-term containment heat removal mode of RHR vas
aligned or that pressure cannot be maintained below the limit.

o One RHR train in Suppression Pool Cooling mode,

o One RHR in the Containment Spr ay mode.

Y
Success or failure of long-teru containment heat removal by venting ofthe containment. Success implies that one of the belov listed ventingpaths were aligned, per the PEIs, prior to containment pressure
exceeding the Containment Capacity Threshold Limit and hat the alignedpath maintains pressure below that limit. Failure implies that no pathwas successfully aligned or that the limit was exceeded,

Fuel Pool Cooling and Cleanup system. Manual alignment of vent peth
o

through the fuel pool skimmers into the Fuel Handling Building.

o RHR Containment Spray Loop A or B. Manual alignment of vent paththrough the containment spray header into the Fuel HandlingBuilding.

Cv Defines the susceptibility of the core to damage, dependent uponcontainment conditions. Suc:ess implies that given containment
failure, the core is still maintained in a safe configuraticn. Failureimplies that the containment failure has led to a degradation of plant
systems such that the core is susceptible to damage.

The development of the functional feult trees for each of the event treefunctions with the appropriate boundary conditions defined by the initiating
event and preceding success or failures is Jescribed in Appendix E.

O
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i ,- -3.1.3.4 LOSS'0F INSTRUMENT AIR EVENT TPEE.i
~

~

3.1.3.4.1 General Description '

The- loss of-instrument air' transient is defined as the TIA transient.a special:1nitiator. It is
'

The _ loss of. instrument air event is defined as the complete unrecoverable
loss :of, instrument- air during normal plant operation The lons of' instrument- air event- is -similar to a- loss of PCS transient (T2). It isdeveloped ~as a speciel initiator as it vill lead to the potential loss of

*

some additional accident mitigating systems.

. The _ loss of instrument air event is considered a subset of the loss of
:

Service Water event which is texpected to fail both Turbine Building Closed ,

1 Cooling and Nuclear Closed Cooling (and thus instrument air).

:Upon the. complete unrecoverable loss of instrument- air, plant operators are -

; directed .to ' perform a . fast reactor shutdown. However, if no immediate
operator action is taken, it is expected that a plant scram vill occur due to
a; variety'of plant: conditions.

The verst case initiator is assumed to be aMSIV isolation caused by either the loss of instrument air to the MSIV
: accumulators _(and the-subsequent drifting closed of the HSIVs) or due to a
;1ov conlenser vacuum isolation signal caused by.the loss of the Steam Jet Air. Ejectors.-

,

O~ plant scram:could also occur due ta turbine trip (caused by loss of air toA
the main turbine frunt standard), or loss of condenser vacuum (caused by theloss of the Steam Jet Air Ejectors) or due to a high scram discharge volume;

(caused by drifting of the-scram' valves and closure of the SDV sent and drain
valves).

'Feedvater- is. lost for this transient due to the loss of steam to the Reactor
Feedpumps- (RFPs), resulting from-the MSIV isolation caused by a loss of
condenser.' vacuum. The Motor Feedpump-(MFP), is unable' to be started due to

_the- lockup.of the NFP Flow Control Valve (IN27-F0010)11n its normally closed
position.

$

Additionally, the Hot Surge Tank leve] control valves _ vill fail as is and the
feedvater and feedvater booster pump recirculation valves vill fail open.
.these failures are assumed to inhibit recovery of the feedvater system.

CRD pumps vill also be unavailabic for the transient as the loss of
Linstrument air vill cause the closure of the flow control valve, resulting in
a_ decreased drive vater and cooling vater flow to the CRDs'

.

Long-term;airesupply to the non-ADS SRVs (excepting F0051D), is lost with the
loss: of instrument air. Accumulators provide an immediate air supply forshort term SRV' operability.

3.1.3.4.2 Success criteria

( The success criteria for loss of instrument air a're the same as for the loss
of PCS transient listed in' Table 3.1.?.4.
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1

3.1.3.4.3 Event Tree

The event tree for this transient is provided on Figure 3.1.3-4 sheets 1-3.
Heading definitions are provided belo.t

TIA A loss of instrument air transient occurs which d!.stupts the normal
operation of the plant and requites mitigation.

C Success or failure of RPV reactivity control with RPS automatic or
manual scram or ARI. Success implies that a sufficient number ofcontrol rods have inserted into the core to provide a shutdown rod
pattern. Thus, a successful reactor scram has occurred. Failureimplies the rods have not inserted to a suberitical rod configuration. -Failure sequences transfer to the ATVS event tree.

P1 Success or failure of RPV pre.nsure control vith the SRVs opening andreclosing. Success implies that the required SRVs opened and reclosed.Failure implies that of the SRVs which successfully opened, one failed
reclose. The event tree for the equivalent small LOCA is developedto

on Sheet 2.
*

P2 Success or failure of RPV pressure control with the SRVs opening andreclosing. Success implies that the required SRVs opened and reclosed.
Failure implies that of the SRVs which successfully opened, two failed
to reclose. The event tree for the equivalent intermediate LOCA eventis developed on Sheet 3.

U2 Success or failure of RFV level control with the RCIC system. Successimplies that either RCIC automatically actuated at RPV level 2 or that
it was manually actuated and is providing adequate RPV level control.
It further implies that long-term containment heat removal with RHR inSuppression Pool Cooling mode successfully maintains containment -

conditions for long-term operability of RCIC. Failure implies that
RCIC is not maintalaing RPV level control or that long-term containmentheat removal is not maintained, resulting in the loss of RCIC.

U1 Success or failure of RPV le"el contro) with the HPCS system. Successimplies that either HPCS automatically actuated at RPV level 2 or that
it was manually actuated and is providing adequate RPV level control.
Failure implies that RPV level control cannot be maintained with HPCS.

X Success or failure of emergency RPV depressurization. Success impliesthat the ADS vas automatically or manually initiated or that theoperator manually depressurfred the vessel with at least 4 SRVs.Failure implies that ADS failed and that the operator failed to
manually emergency depressurize with the required number of SRV causing
the reactor vessel to remain at a higher pressure than that required by
the PNPP Plant Emergency Instructions (PEls) for successful RPV levelcontrol vith low pressure injection.

V Success or failure of RPV level control with the ECCS low pressuremake-up systems. Success implies that, at a minimum, LPCS or one loopof LPCI either automatically initiated or was manually placed in
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service. and is proViding adequate RPV level control.- Failute implies-OL that: RPV level control cannot~be maintained.-by an ECCS lov pressure-
- injection system.

-Va Success: or failure of_ reactor feed booster pump alternate injection.
Success- Japlies that at least one reactor feed booster pumps is
manually aligned-_and- provides injection -to the RPV, Failure implies '

that .the reactor feed booster pumps were not aligned or that the-pumps
are unable to maintain RPV level control.

V- Success or 'f ailure of long-ter'a containment heat removal with RHR to
maintain containment pressure below the Containment Capacity ThresholdLimit of 50 psig. Success implies that long-term heat removal can be
achieved by at least one _of the following modes .of RHR. ' Failureimplies that-no long-term _ containment beat removal- mode of RHR vas
aligned.or that pressure cannot be maintained belov the limit.

o One RHR train in Suppression Pool Cooling mode.

-o_One RHR train in the cont'ainment-Spray mode.
-

Y Success 'or failure of.long-term containment heat removal by. venting of '

the containment. ' Success implies that one of the belov-listed ventingpaths were aligned, per the PEIs, prior to containment pressure (
exceeding the Containment-Capacity Threshold Limit and that the aligned
path maintains pressure belov that limit. -Failure implies that no path
was successfully aligned or that the limit vas exceeded,

o Fuel ' Pool Cooling and Cleanup System. Manual alignment of vent path
through the fuel pool skimmers into the Fuel Handling Building.

o RHR Containment Spray Loop A or B. Manual alignment-of vent paththrough the containment spray header into the Fuel HandlingBuilding,
'

'Cv. Defines the susceptibility of the -core to _ damage, dependent. upon
containment conditions. Success implies that given containment
failure,- the core is still maintained in a safe configuration. ' Failure
implies that the containment-failure has led to a degradation of plant
systelis,such that the core-is susceptible to damage.

th'_ functional faultThe _ development of e trees for each of the event tree
' functions- vith the_ appropriate boundary conditions defined by the initiating
event and preceding success or failurer is described:in Appendix E.

M 3.1'.3.5 LOSS OF SERVICE VATER EVENT TREE

.3.1.2:5.1 General Description

iThe loss of service water transient is defined as the TSV transient. It is a
-special initiator.

,

L The loss-of Service Vater event is defined as the complete loss of Service
|: Vater during normal plant operation. It is assumed that the loss of Servicei
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Vater will lead to the additional loss of the Nuclear Closed Cooling System,the Turbine Closed Cooling System and the systems which are supported bythese systems (including Instrument Air).

The lors of Lervice Vater event is similar to a loss of PCS transient (T2).It is developed as a special initiator as a loss of Service Vater vill leadto the potential loss of additional accident mitigating systems. The loss ofService Vater eveat is expected to bound other similar initiators, such asloss of Turbine Building closed Cooling and Nuclear Closed Cooling. Failureof these systems is conservatively included in the loss of Service Vaterinitiator frequency.

Upon loss of Service Vater, plant operators are directed to perform a fast
shutdown in anticipation of the loss of cooling to the various plantreactor

loads. If no immediate operator action is taken, it is expected that a plantscram vill occur due to a variety of plant conditions.

The worst case initiator for the 15/ transient is assumed to be a MSIVisolation. The isolation can be initiated form various mechanisms, including
isolation signal on high steam tunnel temperature (loss of steam tunnelan

cooling) or on lov condenser vacuum (loss of Steam Jet Air Ejectors) or by a
loss of Instrument Air to the MSIVs and their subsequent isolation.

A plant scram is also postulated due to high dryvell pressure (loss of
dryvell cooling), a turbine trip (due to loss of Stator Vater Cooling), high

discharge volume (due to drifting of the scram valves and closure ofscram

the SDV vent and drain valves).

Feedvater is assumed lost for this transient due to a loss of component motorbearing or lube oil cooling. Compounding the loss of feedvater vould be the
loss of Instrument Air which would cause a lockup of the Hot Surge Tank level
control valves, the falling open of the feedvater and feedvater booster pump
recirculation valves and the lockup of the Motor Feedpump flow control valve.
Loss of the MSIVs vould also isolate the steam supply to the ReactorFeedpumps (RFPs). The Motor Feedpump (MFP) is assumed to be unable to be
started due to the lockup of the MFP tlov. control valve.

The Power Conversion System (PCS) is assumed lost for this transient. The
Steam Jet Air Ejectors (SJAE) vill be lost upon loss of Instrument Air or due
to tripping of the Off-Gas compressm.s, which would require SJAE shutdovn.
Vhile ONI-P41 directs the operators to start the mechanical vacuum pumps,these vill also be lost due to loss of an ultimate heat sink for the TBCCsystem which cools the vacuum pumps.

The Service Air and Instrument Air compressors vill trip on high temperature
resulting from the loss of Nuclear Closed Cooling, Actual loss of instrumentair is not expected to occur until the system is bled dovn by leakage or
component usage.

CRD pumps are assumed to be lost due to loss of component cooling. Loss of
Instrument Air vill lead also to the t.losure of the CRD flow control valve.

O'RCIC isolation may also occur if t'm RCIC isolation signal on high steam
tunnel temperature is not overridden by the plant operators prior to the
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_ _ thirty;mintte-timer _ timing-out.
-

Long-term air' supply'to the?non-ADS M Vs (excepting F0051D), is lost with the
loss of Instrument Air. Accumulatots provide an immediate air supply for'

short| term SRV operability.

3.1.3.5.2 huccess criteria

.The success criteria for loss of service water are the same as for the loss
.of PCS transient-vith the addition identified above and are in Table 3.1.2-4. >

<

3.1.3.5.3' Event Tree

The event tree for this transient is provided in Figure 3.1.3-5 sheets 1-3.
TSV A loss ~of service vator transient occurs which disrupts the normal

operation of the plant and requ!res mitigation.
C Success or failure of RPV reactivity control with RPS automatic or

manual scram or ARI.- Success implies that a sufficient number ofcontrol rods have' inserted into the core to provide a shutdown rod
pattern. Thus, a successful reactor scram has occurred. Failureimpl hs the rods hava not inserted to a suberitical rod configuration.
Failure sequences transfer to th'. ATVS event tree.

P1 = Success or failure of-RPV pressure control with the SRVs opening and/ reclusing. Success implies that the required SRVs opened and reclosed.
\

Failure' implies that of the SRVs which successfully opened, one failed
to close. The event tree for the equivalent small LOCA is developed on

!Sheet 2.

P2 Success or failure of RPV pressure control with the SRVs opening andreclosing. Success Jmplies that the required SRVs opened and reclosed.
Failure-- implies that of the SRVs which successfully opersed, two failed
to- reclose. The event tree fe,t the equivalent intermediate LOCA is
developed on-sheet.3.

U2 Success or failure of RPV level control with the RCIC system. Success I

implies that either RCIC automrtically. actuated at RPV level 2 or that
-it was manually actuated and is providing adequas' RPV level control.
It further implies that long-term containment heat removal with RHR in

' Suppression -Pool Cooling mode successfully maintains containment
conditions for long-term operability of RCIC. Failure implies that
RCIC is riot maintaining RPV level conttol or that long-term containment
heat removal is not maintained, tesulting in the loss of RCIC.

U1- ' Success. or failure of RPV level control with the.HPCS system. Success !

. implies that neither HPCS automatically actuated at.RPV level 2 or that ;

it was manually actuated and is providing adequate RPV level control.
Failure implies that RPV level control cannot be maintained with HPCS.

..

-

L X Success or failure of emergency RPV depressurization. Success implies
1 that the ADS was automaticilly or manually initiated or that the,

'

operator manually depressurized the vessel with at least 4 SRVs.
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Pollure implies that ADS failed and that the operator failed to ||!manually emergency depressurize with the required number of SRV causing
the reactor vessel to remain at a higher pressure than that required by
the PNPP Plant Emergency Instructions (PEls) for successful RPV levelcontrol with low pressure injection.

V Success or failure of RPV len 1 control with the ECCS lov pressuremake-up systems. Success impilus that, at a minimum, LPCS or one loopof LPCI either automatically initiated or vas manually placed inservice and is providing adequate RTV level control, failure impliesthat RPV level control cannot be maintained by an ECCS lov pressureinjection system.

V Success or failure of long-term containment heat removal vith RHR to
maintain containment pressure belov the Containment Capacity ThresholdLimit of 50 psig. Success implies that long-term heat removal can be
achieved by at least one of the following modes of RHR. Failureimplies that no long-term containment heat removal mode of RHR vasaligned or that pressure cannot he maintained below the limit,

o One RHk train in Suppression ' col Cooling mode,

o One RHR train in the Containment Spray mode.

Y Success or failure of long-term containment heat removal by venting the
containment. Success implies that one of the belov listed venting gpaths were aligned, per the PEls, prior to containment pressure Wexceeding the Containment Capacity Threshold Limit and that the alignedpath maintains pressure below that limit. Failure implies that no path
was successfully aligned or that the limit pas exceeded,

Fuel Pool Ccoling and Cleanuu System. Manual alignment of vent path
o

through the fuel pool skimmers into the Fuel Handling Building.

RHR Containment Spray Loop A or b. Manual alignment of vent patho
through the containment spray header into the Fuel Handling
Building.

Cv Defines the susceptibility of the core to damage, dependent uponcontainment conditions. Success implies that given containment
failure, the core is still mainteined in a safe configuration. Failureimplies that the containment f ailure has led to a degradat:ioa of plant
systems such that the core is susceptible to damage.

The development of the functional fault trees for each of the event treefunctions with the appropriate boundary conditions defined by the initiating
event and preceding success or failures is described in Appendix E.

3.1.3.6 INTERFACE LOCA EVENT TREE

3.1.3.6.1 General Description

No event tree vas developed for the laterface LOCA event. An evaluation wasperformed on the potential paths of an interiace LOCA. The paths noted in

Page 3-38



|
,

9, h section; 4.4.15_ of NUREG/CR-4550 were identified as the dominant paths
-

contributing-to interface LOCA for the Perry plant. The. Grand Gulf and PerryM( =
-designs. are identical for these pathk. Using the data in NUREG/CR-4550 the
core damage frequency for an interfacing LOCA event is less than 10''/yr.

3.1.3.7 CONTAINFIDTP BYPASS LOCA EgT TREE

3.1.3.7.1 General Description

No event tree -was developed for the containment bypass WCA event. An
,

evaluation was_ performed on the potential paths for containment bypass LOCAs.
The potential for an unisolable break in these ' lines was much less than forinterfacean locA -event. Therefore, the core damage frequency for a
containment bypass LOCA event is_ alse less than 10-'/yr.

- 3.1.3.8 VESSEL RUPHIPI

3.1.3.8.1 General Description

No event tree will be developed for this event. All occurrences of thisevent are assumed to result ir, core damage. Using the data in
NUREG/CR-4550, the frequency of a vessel rupture is less than 10 8/yr.

3.1.3.9 INTERNAL FLOODING
"

. 3.1.3.9.1 General Description

This event'is being treated as a separate task in the IPE and is fully
described in section 3.3.7.

3.1.3.10 ANTICIPATED TRANSIENT WInIOUT SCPM ( AWS) EVENT TREE

;3.1.3.10.1 General Description

-Transients with a failure of automatic scram are defined as A WS events and.are further defined -as type "C" events, consistent with the nomenclature
utilized in NUREG/CR-4550.

When a- transient initiating event is followed by failure 'of reactivity
control to provide rod ir.sertion by automatic /hanual Reactor Protection;
System scram and by automatic / manual Redundant Reactivity Control System

._ Alternate Rod Insertion, the operators will attemp.- shutdown of the reactor
by manually inserting rods and/or initiating the two Standby Liquid Control ~
System- (SLC) pumps. The progression of an anticipated transient without
automatic scram (ATNS)-depends on the initiating events and the subsequent
success in the operation of plant systems and in the success of human
interactions.

ATWS events can result during the development of.all initiators analyzed..

Six AWS event trees (Loss of Offsite Power, Transient Without PCS, Transient
With PCS Available, Transient With Lcns of Feedwater, Inadvertent Stuck Open
" '*"' ""'""' """ ' "" ' '""" """"' ^''' """'''' '' " '"" '"'''"'*"' ''"""t O an"d'

bound all ATWS events. These AIWS event trees detail the accident-

progression for ATWS events due to mechanical failure of control rods to
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insert. Electrical failure of the reactivity control systems without '

mechanical failure is considered to be negligible and is not developed.

3.1.3.10.2 Success criteria

The success criteria are given in Table 3.1.3-4.

Additional- key assumptions upon which this analysis is based include thefollowing:

1. For the bounding A'IKS conditio a of all conttol rods out, the reactor
power was modeled with an adjusted Chexal-Layrtan Correlation (to
account for the allowable 120% tod line). At the rated RPV pressure of
1,039 psia, the adjusted Chexal-Layman Correlation calculates 211 rated

power with the downcomer water level at the TAF when the deenyreactor
heat power is 2.5%.

2. HPCS is not utilized as a high pressure injection source in the ATWS
event trees, since the BWR CMners Group EPG Rev 4 does not direct the
operation of inside the shraud injection systems until all other
injection sources have been exhausted.

3. Exceeding the suppression pool heat capacity design temperature limit
does not lead immediately to a loss of containment integrity, and will

lead to core damage provided containment heat removal is initiatednot

following shutdown by injectica of borated water (SLC).

4. Reactor power remains constant until hot shutdown is achieved which is
approximately 44 minutes for 1 pu:qo SLC injection.

5. Containment integrity is not threatened until the containment Car-city
Threshold Limi.t (approximately 50 psig) is reached.

6. No credit is taken for manually inserting individual rods.

3.1.3.10.3 Event Tree

Reactivity control is provided by vtultiple, redundant design features and
systems. Following the occurrence of a transient which disrupts normal plant
operation the front line reactivity centrol systems are challenged to insert
all the control rods into the core to at least position 02 or to a shutdown
pattern. The frontline reactivity .:ontrol capabilities addressed in the
transient event trees include Reactar Protection System (RPS), Redundant
Reactivity Control System (Alternate Rod Insertion - ARI) and manual scram.
Success of any of these control functions implies that the reactor has been
successfully shutdown and continues the accident sequence progression throughthe transient tree. Failure of all these functions implies that the
reactivity control electrical portion is not capable of shutting down the
reactor. With recent design improvements this frequency is projected to be
negligible.

|A fraction of reactivity control failures can be attributed to mechanical |

| failures associated with the reactivity control systems. Mechanical failure
; would eliminate the capability to iusert the control rnds by any alternate

i
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t =__ means. The mechanical failure of control rod insertion systems is explicitly
-addressed in the A WS event trees. Failure of this event assumes that all ofthe rods remain in the withdrawn porition.

-- -

~~

For A WS scenarios due to mechanica) failure, tripping of the recirculation
pumps is assumed to have occurred. .The trip will occur automatically dus to
Recirculation Pump Trip (RPT), manual operator
or - due to cavitation / flow induced failures when action, mechanical overspeed

RPV level falls towards theTop of Active Fuel (TAF). For some transients (i.e., loss of offsite power)
plant conditions will cause the pump tcip. Success implies that the RPT hasfunctioned resulting in a natural circulation reactor power of approximately50% at the bounding 120% aod-line.

A WS scenarios with a failure of the RPTare not developed further in this analysis.

Six events _are analyzed in this AWS analysis. As noted above, thetransients are characterized by tne occurrence of the transient, themechanical failure of reactivity control such that no control rods are
inserted into the core and the occurrence of the Recirculation Pump Trip(RPT). The six events analyzed include Loss of Offsite Power, Transientwithout PCS, Transient with PCS Avai)able, Transient with Loss of Feedwater, '

Inadvertent Stuck Open Relief Valve and Loss of Instrument Air. The
associated A WS event tre;s are provided on Figures 3.1.3 ~1 to 3.1.3-12. Thestructure of each event tree is similar. Heading definitions are provided-below:

Txxx-C A transient initiating everd has occurred which disrupted normal-

-

operation. A mechanical failt.u of the front line reactivity control
systems. (Reactor Protection System and Redundant Reactivity Control)
has eccurred such that a failure to insert all control rods into the

-core to at least position 02 or to a shatdown pattern has occurred.
Recirculation Pump Trip (RPT) has occurred resulting in a natural
circulation reactor power of appro<imately 50% at the bounding 120% rod
line.

M' Success or failure of the safety relief valves (SRVs) to relieve PPVpressure. Success implies that all SRVs have opened against the springpreventing a rupture of the RPV due .to overpressurization, Failureimplies that at least one SRV failed to open.
RPT Success or failure of the recirculation pump trip. Success implies

that the recirculation pumps beve received a trip signal and tripped.
Failure implies that the_ recirculation pumps have not tripped and arestill operating.

Q. Success or- fail'ure of the Power Conversion System (PCS)' to remain
available. Success Implies that the Main Steam Isolation valves have
remained open. Success is contingent on the operators defeating the
MSIV~' Low RPV Level Isolation by repositioning four back panel switches
before the rector water level 'Jecreases to Level l'. Failure impliesthe

' MSIVs did not remain open which results in a loss _of PCS and steum
-to the Turbine Driven Feed Pumps (IDFPs).

U3 Success or failure of RPV level control with at least one pump in thefeedwater system. Success implies that either the Motor Feed Pump
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(MPP) or one of the two Turbine Driven Feed Pumps operate until hot
shutdown and the RFV water level is maintained at or neat the Top of
Active Fuel (TAF) per the PNFP Flant Dnergency Instructions (PEls) .
Failure implies all feedwater pumps failed to function.

Le success or failure of RFV level control. Success implies that the
operators control the RFV water level at TAF to conttol RFV power.
Failure implies that that level is not deliberately lowered.

x' ADS successfully or not successfully inhibited. Success implies that
the operators have bypassed the automatic depressurication system to
prevent rapid FFV overfill with cold water from the low pressureinjection syste.ts. Failute implies that the ADS is not inhibited and
the PPV will depressurize on the automatic initiation cf the ADS system -allowing a cold water reactivity transient with the potential for core
damage and increased contaiament threat from high reactor power.

Cl Success or failure of Standby Liquid Control (SLC) system injectionwi th one of two pumps. Success implies that the operators have
initiated the SLC system such that hot shutdown is achieved with 1 SLC
pump injecting 43 gpm of sodium pentaborate into the reactor beforecontainment integrity is threatened. Failure implies the operators did
not initiate SLC soon enough or that both SLC pumps failed to operate
such that SLC could not inject to avoid threatening containment
integrity-

X Success or failure of emergency RFV depressuritation. Success implies
that the operator manually depressurized the vessel with at least 4
SRVs. Failure implies that the operator failed to manually emergency
depressurize with the required number of SRVs causing the reactor
vessel to remain at a higher pressure the.n that required for successful
core recovery with low pressure injectior..

Success or failure of adequate core reflood with a low pressure system.
-

V

Success implies that at least one of the following ECCS systems was
successfully aligned and slowly throttled to avoid a large power
excursion which might result in core damage, and yet initiated in time
to recover the core before the fuel clad temperature becomes excessive.Failure implies that these ECCS pumps were not properly aligned orcontrolled per the the PEIs.

o Low Pressure Coolant Injection Train A

o Low Pressure Coolant Injection Train B

o Low Pressure Core Spray

V' Success or failure of not overfilling the vessel after shutdown.
Success implies the operator slowly increases vessel level to the
normal water level control band. Failure implies the operctor
overfills the vessel and flushes out the boron and returns the vesselto a critical conditions.

W Success or failure of long-term containment heat removal with one loop
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Rim.to maintain containment pressure below the Containment Capacity --

Threshold Limit. Success implies that long-term heat removal can beN -
schieved during 24 hours by at least one of the following modes.
Failure implies _that long-term heat removal by IWR is not maintainingcontainment pressure below the .1imit.

o One Rim train in Suppression Pool Cooling. '

o C.ie IER train in Containment Spray.
;

Y Suceeps or failure of long-term containment heat removal by venting tomaintain
.

containment pressure below the containment Capacity ThresholdLimit. Success implies that long-term heat removal can be achievedduring 24 hours by at least one of tho' following modes.- railure
implies that long-term -heat removal by venting is not maintainingcontainment pressure below the '.imit.,

o_ Containment Venting by ruel Pool Cooling and Cleanup

o Containment Venting with RHR Containmer t Spray !!eaders

Cv Defines the susceptibility of the coti to damage, dependent upon
r:ontainment conditions. Success impli< *s that given' containment
failure, the core is still maintained _in a safe configuration, railure
implies that the containment failure has J.ed to a degradation of plant
systems such that the core:is susceptible 1.o damage.O

V; 'Ihe - development of the functional te. ult trees for each of the event treefunctions with the appropriate boundhry conditicns defined by'the initiatingh events and preceding success or failures is;dese):ibed'in Appendix E.

3.1.4' SECQENCE GROUDING AND BACK END INTEifACE

3.1.4.1 Plant Damage State Grouping Criteria

The interface between the. Level 1 Systems Analysis and the Level 2
Containment Analysis is defined by the plant damage state at the time of core
melt. 'In order to avoid perfotming a full = analysis of the phenomenology of.

-each _ core _ melt _ sequence to determine the potential release of fission
products the individual core damage sequences are assigned to one of the
plant-_ damage state (PDS) . groups. Each group- is defined by a cet of
functional characteristics for-system operation which are important in terms
of the accident progression, containment failure and source term definition.
Each PDS contains Level 1 sequences with sufficient similarity in system

-functional characteristics such that the containment accident progression for
all' sequences _in the group can be considered essentially.the same.

5The important functional characteristics for each PDS are developed in
section 4.3. These characteristics are interpreted in terms of success or
failureL of the various systems used t.c prevent core damage and mitigate the
release of the fission products. Therefore the core damage event trees are=

-

extended to include all systems whi';h will impact fission product release.
t The sequence characteristics which are important to the progression of the'

accident in the order in which they are asked in the grouping process are
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shown in Figure 3.1.4-19 and are as f ollows.

1. Not a containment bypass sequence.

2. Containment status at core damage.7

3. Event Type:

3.1 For Containment Intact At Core Damage
Station Blackout (SBO)
LOOP With No HVAC
Other Types than above

3.2 For Containment Failed Ist Core Damage
Critical (Non-Shutdown) A7WS
Loss of Offsite Power and Station Blackout
Others than abovo

4. Initial Containment Heat Femoval With Suppression Pool
Cooling (only for LOOP With No HVAC)

5. Containment Vent Ibolated at RPV Failure (only for SBO)

6. RPV Injection railure Time

7. Offsite Power Recovery Time

8. Containment Heat Removal With RHR Spray Loop

9. Containment Heat Removal With Vent

10. Late In-Vessel Injection and Pedestal Cavity Supply

11. Erv depressurized during core damage

Each of the above grouping criteria, the plant damage state characteristics
and the binning results are fully described in section 4.3.
An

examination of the above criteria chows that the event trees discussed insection 3.1.2 and 3.3.3 which are based on the success criteria for the
prevention of the onset of core damage, do not include all the functions
necessary to group them into the various plant damage states. For exa2nple
where core damage is the result of failure of injection conttinment heat
removal is not included. Similarly, following loss of offsite power only
recovery to prevent core damage has been considered in the core damage eventtrees. It is necessary to modify the initial core damage event trees to
include the functioning of the conta3rment systems for all sequences. As the
majority of the function in the plant damage state trees are those that lead
to core damage only those functions which have been added in order to enablethe PDS grouping to be performed ute described in detail in this section.
The additional containmer.t systems added to the earlier event trees to give
the new PDS trees are modeled in exactly the same way as the earlierfunctions. Fault trees are developed for each of the containment functions
and all functions are linked to give combinations of failures leadir'g to agiven sequence of events. This will ensure that any dependencies between
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the system preventing core damage and those preventing containment failureO will be correctly modeled.
i

-3.1.4.2 Plant Damage State Event Trets

The amended. event trees for all initiating events are shown in Figures
.

3.1.4-1 through 3.1.4-18. There are a number of basic functions which have
been' included in all the trees and a further group of functions only,

applicable to the' loss of offsite power and station blackout trees. The
functions applicable to.all -trees are associated with decay heat removal,,

depressuritation and late injection and are discussed first, followed by a
discussion of events only applicable to loss of offsite power and station
blackout scenarios.

Containment Heat Removal (We, Ws)
I
i

The containment heat removal function has been divided into two in order to
' differentiate between sequences whero containment heat removal is achieved,

through the containment spray system and those where the containment spray
system is not operational but conta'.nment heat removal is achieved through

,

-. suppression pool cooling.
1

We is defined as failure of containment heat-removal as the result of failure
of.the containment spray mode of RHR or supporting systems.

,

.

; - .

Ws is defined as failure of containment heat removal as the result of failure
-

- of the suppression pool cooling node of RHR or supporting systems followingthe failure of Wc.
.

.jleactor Pressure vessel Depressurization (X3)

In a number of sequences-it is postulated that core damage will occur at high
pressure as the result aof failures associated with the containment or as the
result of the failure of the operator to depressurize in time for low
pressure injection systems _to inject and prevent' core damage. Latedepressurizaticn, after core damage, but. before vessel. failure will have a
significant impact on fission product release so this function has been added
to all high pressure core damage sequences.

Late Vessel Injection (Li).

,

If . late depressurization is successful then it is possible to inject using '

low pressure ' systems with the potential.for achieving in. vessel debris
cooling. In some cases late injection into- the containment is also
significant. This function has therefore been added to the event tree for
all success branches of the function X3.

It has also been added as a special event in the Large and Intermediate LOCA
: event trees to reflect _the~ fact that alternative low pressure systems wnich,

i -are not available in the short term to prevent core damage could be aligned
later to provide invessel cooling of the debris.

.

L

l'.
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Loss of Offsite Power and Station Blackout

In the event of a loss of offsite power or station blackout actions in
addition to those discussed can be taken to mitigate the release of fissionproducts. Probably the most important of these is the recovery of offsite
(cr ensite) power before vessel or containment failure. Each of thefunctions is discussed in the following paragraphs.
R3 Recovery offsite pcVer prior to vessel failure. The time available

for the recovery of power is dependent upon the specific sequence. Thetiming for this function is sequence dependent - See Appendix E.
R4 Recovery of offsite power prior to containment failure. The timeavailable to recover offsite power prior to containment failure is

considerably longer than that available prior to vessel failure.
Recovery will enable containment systems to be restarted and therefore
reduce the frequency of containment failure. The time available for
recovery is sequence dependent and discussed in Appenc'1x E.

Y2 Long term containment heat removal with venting. As this has not been
asked earlier in some sequences it is necessary to include it in the
trees. In order to avoid having the venting function appear twice withthe same identifier, the second time it is used it is given thedesignator Y2. The functional requirements are the same as for Y.

Wt
Long term containment heat re e al with suppression pool cooling. This
is the same function as Ws, but again is required at a different timefor certain sequences, thus, as in the case of the function Yadif ferent designator is used.

I Isolation of the conteinment. It power is lost initiation of the Fuel
Pool Closed Cooling can only ba achieved by the operator or restorationof electrical power. This function models failuce to achieve thisfollowing a station blackout.

Val Alternate Low Pressure makeup. This is the same function as Va but as
in the case of Y and Ws above requires to be modeled at a different
position in the development of the sequences.

3.1.4.3 Plant Damage State Sequence _s

A review of the plant damage state event tree will reveal that not all the
core damage sequences in the core damage event trees have been included inthe PDS trees. In order to avoid analysis of sequences which do notcontribute si1.0 x 0'gnificantly to the core damage or offsite release all sequencesbelow were excluded from the PDS evaluation. In order to ensutethat any sequence omitted did not pose a risk to the containmentsignificantly different from those included the characteristics of all
encluded sequences were reviewed and compared with those which were included.The resulting PDS trees contain sequences which contribute 99.9% to the
overall core damage frequency.

The plant damage state to which a sequence contributes is shcwn in the status
column on the event tree and the grouping logic used to define the plant
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damge states is rhown in rigure 3.14-19. The characteristics of the
individual plant dam ge states and the deriviation of the grouping logic is- discussed fully in section 4.3. The contrihition of each sequence to a
specific plant dange state is aho discussed in this section and in the
sumay of the quantification is section 3.4.

-

,

O

,

-

O
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3.2 SYSTEM ANALYS15

The Perry IPE vas perf ormed using the "small event tree - large fault tree"
approach, as described in NUREG/CR-2300 (Dickman, 1983) In using this type
of method, the fault free analysis of the plant systems becomes the major
underlying task of the Level 1 analysis.

The analysis of the initiating events and the required plant response, to
maintain decay heat removal and containment integricy, result in the
identification of the safety functions required to achieve these aims. Each
of the safety functions can be achieved by either automatic operation of a
system or a combination of system operatien and operator actions. By
analyzing the system requirements in response to each of the groups of
initiating events it is possible to identify the response required from each
individual sy s t em. To summarize, the accident sequence analysis results in
the identification of the functional requirements which in : urn are
translated into individual system requirements. Each individual system
requirement is then the starting point for the fault tree development for
that system. In the majority of cases the success c ri teria do not
specifically identify the requirements for the support systems, that is
electric pover, room cooling, motor cooling, instrument air, etc. The top
event for the fault trees for these systems, are determined by the

'

requirements identified in the development of the frontline system fault
trees.

The system analysis was conducted in accordante with the task plan which
provid'cd specific guidance on the modeling of components and the general

-

assumptions to be made when developing a fault tree. This included
specifying component boundaries, level of detail of modeling, guidelines for
restoration errors, test and maintenance unavailability, etc. The task
procedure was developed to meet all the applicable requirements of NUREG-1335
(NRC, 1989) and NUREG/CR-2300 for fault tree analysis.

Each system is briefly described in this section vith details of the success
criteria, the functions performed and the dependency matrix. The detailed
analysis of each system is recorded in a series of analysis files
specifically developed for the project. The fault trees arc shovn in
Appendix A.

The quantification of individual fault trees has not been included in this
section. The contribution of individual component and function failures to
the overall core damage frequency is discussed in section 3.4.

3.2.1 RPV DEPRESSURIZATION SYSTEM, B21

The Automatic Depressurization System (ADS) is part of the Emergency Core
Cooling System (ECCS) and its function is to reduce the pressure in the
reactor pressure vessel in the event that the high pressure injection systems
fall to perform their function. If the high pressure injection systems
cannot maintain adequate core cooling, then ADS reduces the RPV pressure to a
point at which the Lov Pressure Core Spray (E21) and the Low Pressure Coolant
Inj ec tion (E12) systems can be used to provide inventory make-up. The |f
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O non-ADS safety relief valves can also be used to reduce the RPV pressure byV opening each of the valves individually. Simplified diagrams for the system
are shown in Figures 3.2.1-1 and 3.2.1-2.

3.2.1.1 System Description

Eight of the nineteen installed safety relief valves (SRVs) on the main steam
lines are used for the ADS function. There are two ADS valvec in each of the
main steam lines A through D. These valves are mechanically self actuating
under conditions of high reactor steam prersure (to prevent overpressure in
the vessel), or are electrically actuated either manually or by relay logic
circuits to provide pressure relief (lov-low ret or relief mode) or
depressurization if the low pressure injection systems are required for
inventory make-up.

The eleven f.ns ul t ed SRVs not used for ADS are also mechanically self
actuating under conditions of high reacter steam pressure or may be
electrically actuated either manually or by relay logic circu!ts to provide
pressure relief (low-low set or relief moce).

ADS operation is achieve 6 by actuation of one of two solenoid vc 7es which
vill allow air from the safety related instrument air system (P57) into the
pneumatic operating cylinder of the ADS valte, thus opening the ADS valve.
There are two accumulators associated with each ADS SRV. These accumulators
ensure an adequate air supply .in the event of a safety related instrument air
system failure. The accumulator capacity is sufficient to provide two valve

) actuations during accident conditions.

The discharge from each of the ADS and non-ADS valves is piped to the
suppression pool, vith the discharge line exhaust submerged to ensure steam
condensation within the suppression pool whenever a valve operates.

4 3.2.1.2 S_ystem Operation

Automatic initiation of ADS will occur if the following conditions occur: a)
lov reactor water level, Level 3: b) low reactor water level, Level 1: c)
time delay of 105 seconds afte.- lov level is reached - this timer can be
reset manually and is automatically reset every tine level is raised above
Level 1: and d) availability of the LPCS or LPCI pumps. Automatic operation
can be overridden if required.

ADS ,ogic can be started manually by placing the manual initiation svitch
collars in the armed position and depressing the switches. This manual
initiation signal bypasses both the level requirements for initiation and the
105 second timer. A LPCI/LPCS pulp must still be running in order to open
the ADS valves. Both the ADS and non-ADS sets of valves can be individually
opened by the operators from the control room.

3.7.1.3 System Interface and Dependencies

Tha system interfaces and dependencies are shown in Table 3.2.1-1.

U* The ADS depends on the safety related Instrument Air System for opening the
valves and on DC buses ED-1-A and ED-1-B for valve operation and control.
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The non-ADS SRVs depend on the Instrument Air system for valve operation and
on the ED-1-/ and ED-1-B buses for valve operation and control.

3.2.1.4 Success cri teria

Success of the ADS implies that at least four of the eight ADS valves open
when all the present conditions are satisfied. Valves can be opened either
by automatic or manual initiation. Given failure of the above, credit vill
be taker. for the manual opening of at least four of the. remaining 11 non-ADS
Safety Relief Valves. The fault trees developed for this system are one of
the inputs to the failure to the depressurize function in the event trees (X,
X2, %3). The exact relationship is shovn in the development of the function
fault trees ii. Appendix E.

3.2.2 STANDBY LIQUID CONTROL, C41

The standby liquid contrcl system shuts down the reactor by pumping a neutron
absorbing solution (sodium pentaborate) into the reactor pressure vessel in
sufficient concentration and quantity to provide the requirad reactor
shutdovn margin without control rod movement and to overcome the maximum
positive reactivity resulting from cooldown and xenon decay. A simplified
diagram for the system is shown in Figure 3.2.2-1.

3.2.2.1 System Description

The standby liquid control system takes suction from a storage tank
containing a highly concentrated solution of sodium pentaborate. Tvo
parallel positive displacement pumps rated at 93 gpm are available to inject
the solution into the reactor pressure vessel. Each pump suction contains a
normally closed motor operated valve. The pump suctiens are crosstied
downstream of the motor operated valves to ensure suction to bcth pumps in
the event that one of the suction valves tails closed. Two parallel
explosive valves are downstream of the pump discharge. The pump discharges

also crosstied upstream of the explosive valves in ensure a flow path toare
both pumps in the event that one of the explosive valves fails. Downstream
of the explosive valvas, the A and B trains enmbine to provide a single
injection line to the reactor pressure vessel.

Reactor water cleanup receives an isolation signal upon initJation of the
standby liquid control system to prevent depletion of the borun solution in
the reactor, following injection.

3.2.2.2 Sp tem Operation I

|

There is no automatic actuation of the standby liquid control system. |However, the storage tank outlet valves open, the pumps start, and the '

explosive valves fire by moving the keylock svitenes for each train to 'ON".

3.2.2.3 System Interface and Dependencies
!

The system interfaces and dependencies are shovn in Table 3.2.2-1.
OThe storage tank outlet valves and the SLC pumps are dependent on the

associated diesel backed 480 VAC buses (EF-l-A and EF-l-B) . The explosive
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1

- valves receive 120 VAC power from both divisions 1 and 2. A loss of a single
- division therefore.vould not fail either of the explosive valves, i

Standby- liquid control'_is dependent upon the isolation of reactor vater'
cleanup. If left operating, the reactor vater cleanup system would deplete

i . the-boron concentration in the reactor pressure vessel after injection.

In addition to AC power, the standby liquid control system is dependent on I

the= heat tracing and antifreeze protection system to maintain adequate
temperature in the SLC pump suction lines and the storage tank. The two-bed
domineralized vater system provides a keep fill function for the -standby
liquid control system. The instrument air system provides air for mixing
during- the addition of chemicals into the storage tank. None of these
systems were considered necessary for the injection of sodium pentaborate
into 'the reactor pressure vessel and vere not incorporated into the logic
model.

' 3.2.2.4 Success-Criteria

A single pump vith a suction flow path from the storage tank and a discharge
flovpath: to the reactor pressute vessel is_ sufficient to shutdown the
reactor. The reactor water cleanup valves must also Se closed for success.
The fault tree developed for this system is one of the inputs to the failure-
of the standby liquid' control-function in the event trees ( C1 ). The exact
relationship is shown fu the functional fault trees in Appendix E.

(f 3.2.3 RESIDUAL HEAT REMOVAL, E12

The _ functions of the Residual Heat Removal (RHR) system are to remove heat
from the reae. tor vessel and suppression pool under normal and accident -

conditions, to automatically restore and maintain the desired water level in
the reactor vessel following a -loss of coolant accident (LOCA), and to
control or reduce' pressure in the reactor _ and the containment following a

'

LOCA. Simplified diagrams of.the system are shovo in Figures 3.2.3-1 through -

3.2.3-7.
,

= 3.2.3.1 System Description

lRHR is a 3 train system consisting of motor operated valves and motor driven
pumps. The 3 pumps are rated at 7,260 gpm at -125 psi. Trains A and B_each <

have 2 heat exchangers in series downstream of the pumps. Cooling vater to
the heat exchangers is not required for the Low Pressure Coolant Injection
(LPCI) mode =of operation. Train C has no heat exchangers and is dedicated'to

. the LPCI mode of' operation. The RRR pumps take suction from the suppression -

" pool Efor the low pressure coolant injectioni suppression pool cooling and
.

. containment spray modes of operation. !

Flov. through the pump minimum flow lines is limited to 1,650 gpm by valves
F0018A/B/C.

-3.2.3.2 System Operation

' f'
: . The following modes of operation are considered _in preventing core damage<

following a plant trip from power.'
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Lov Pressure Coolant Injection

LPCI involves restoration of the vater level in the reactor versel to a
height sufficient to provide adequate core cooling after a LOCA. LPCI is a
low pressure, high flov system which automatically starts givirg flov from
all 3 pumps to the reactor vessel when the vessel vater level decreases to
Level 1 or the dryvell pressure increases to 1.68 psi. One pump is
sufficient to maintain the integrity of the fuel cladding.

During LPCI operation all 3 pumps drav vater from the supprersion pool. The
bypass valves around the heat exchangers open and may not be closed for
10 minutes be ause heat rejection is not required during the time it takes to
flood the reactor, Vater flows to the reactor vessel through the LPCI
injection valves.

-

Containment Spray

The containment spray mode is used to remove heat from the containment
following a LOCA. This mode uses either train A or B pumps to pump vater
from the suppression pool throo h the heat exchangers and out of the nozzles
in the ring spray headers in the dome of the containment. The spray
condenses any steam that may exist in the containment thus reducing
containment pressure. The vater returns to the suppression pool through
drainage.

The containment spray mode is actuated automatically 10 minutes after LPCI
initiation if the dryvell pressure is 1.68 psig (setpoint) and the
containment pressure is 22.42 psia (setpoint). Operating procedures,
however, instruct the operators to bypass automatic actuation and manually
initiate containmen; spray as required. Injection to the reactor vessel is
isolated for the train in the containment spray mode of operation.

Suppression Pool Cooling w
_

The suppression pool cooling mode is used to maintain the suppression pool
less than 90*F during normal plant operation to ensure adequate condensation
of the steam in the event of a LOCA. It may also be used to reduce
suppression pool temperature following Reactor Core Isolation Cooling (RCIC)
or Main Steam Safety Relief Valve (SRV) operation and following a LOCA.

Either train A or B may be used for this mode. The flow path is from the
supptession pool to the pump through the heat exchangers and back to the

'suppression pool through the test return valve.

Operator action is required to place RHR into suppression pool cooling mode
of operation.

RHR Loop B Containment Flooding

This mode of operation may be used to flood the containment with water from
the Emergency Service Vater (ESV) system. Two manual ESV inter-tie valves
are opened with handvheels to admit ESV vater to RHR loop B downstream of
heat exchanger outlet valve. The vater then flovs to the reactor vessel -
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( m) through the LPCI injection line and out of the break thereby flooding the,

'/ containment.

The systems can be manually aligned to the three principle modes as f ollows:

LPCI - The RHR system may be manually aligned to the LPCI mode of operation
by arming and depressing push-buttrn 1E21-S9 for train A or IE12A-S21 ior
trains B and C.

Containment Spray - The RHE system may be manually aligned to tLe containment
spray mode of operation by arming and depressing push-button IE12A-563A for
train A or lE12A-563B for train B. Manual actuation of containment sprny

,

bypasses the time delay.

Suppression Pool Cooling - The KIIR system must be manually aligned to the $
suppression pool cooling mode of operation by closing valves F0049 /8 and
F0027A/B and opening valve F0024A/B.

3.2.3.3 System Interfnce and Dependencies

The system interfaces and dependencies are shown in Table 3.2.3-1.

The major system dependencies are DC control pover for actuation. AC power
for operating the pumps ar.d valves, cooling to the pumps, and pump room
cooling. AC and DC power is divisionally separated with train A being

('~}
dependent en Division 1 and trains B and C being dependent on Division 2.

U
In addition to the dependencies common to all the modes of operation, the
train A LPCI actuation sensors are shared with the Lov pressure Core Spray

*system. Trains B and C share LPCI actuation sensors and instrumentation.

Although the containment spray mode of operation is normally manually
initiated, the system is designed to be automatically initiated by high'

containment and dryvell pressures with a 10 minute time delay. At the end of
'.

10 rinutts if the high pressures still exist, the LPCI injection valve,
F0042A vill be closed and the containment spray valves F0028A and F0537A vill
be opened. The train B valves vill operate 35 seconds after the train A
valves.

The suppression pooling cooling mode is manually initiated. If either a LPCI

injection or a containment spray signal is generated after initiation of the
suppression pool cooling mode of operation, the system vill automatically
realign to the respective mode.of operation demanded by the signal.

3.2.3.4 Success Criteria

Lov Pressure Coolant Injection

Injection to the reactor pressure vessel from anyone of loops A, B or C tith
the flow path through the heat exchangers or the heat exchanger bypass valve
is considered a success. The fault trees developed for each train form the,-~s() primary input to function V as shown in Aopendix E.
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Containment Spray

Flov to the containment spray headers from either loop A or B vith the flov
path through the heat exchangers is considered a success. The fault trees
developed for each train form one of the primary inputs to function V as
shown in Appendix E.

Syyression Pool Cooling

Flow to the suppression pool from either loop A or B vith the flow path
through the heat exchangers is considered a success. The fault trees
developed for each train form one of the primary inputs to function V as
shown in Appendix E.

3.2.4 LOV PRESSURE CORE SPF W , E21

The purpose of the Lov Pressute Core Spray (LPCS) system is to automatically
provide coolant to the reactor nressure vessel during accidents when the
pressure is Icv. ;he Automatic Depressurization System (ADS) can be used in
conjunction with LPCS to attain a lov enough system pressure for injection to
occur. A simplified system diagram is shown in Figure 3.2.4-l.

3.2.4.1 Syst_em Description

The LPCS system consists of a single train with motor-operated and manual
valves and a motor driven pump. Suction is taken from the suppression pool
through a suction strainer and injection is through the reactor pressure
vessel via a sparger which surrounds the core just inside the core shroud.

The LPCS pump is designed to operate with a maximum discharge head of 520
psig. The pump is designed to deliver rated flov of 6,110 gpm at a discharge
head of 128 psig within 40 seconds of an initiation (including diesel
generator start and pump start time delay).

3.2.4.2 System Operation

The LPCS system is automatically initiated and controlled. Automatic
initiation occurs at a lov reactor pressure vessel vater level of Level 1 or
a high 6ryvell pressure of 1.68 psig. This energiren the pump and a?igns the
valves.

Normally no operator actions are required for system initiation. However, if
automatic initiation fails for any reason, the LPCS system can be manually
initiated -by depressing a manual initiation push button. This vill energize
the LOCA relays which vill automatically cause the above mentioned automatic
actions to occur.

3.2.4.3 System Interface and Dependencies

The system interfaces and dependencies are shovn fra Table 3.2.4.-l.

The LPCS system major dependencies are DC control power for initiating the
actuation relay logic and LPCS pump breaker, AC pover for operating the LPCS
pump and valves, and LPCS pump room cooling.

Page 3-54 '



_ . _ _ _ . _ - . _ , _ .. - . -~y _. _ _ _ ._ . . . , _

L'~'i =The DC power is provided by Division 1 125VDC bus ED-1-A. Power for the LPCS
K

_ . pump is provided by Division _1 4,160VAC Bus EH-11, and power for the valves
,

'

and room cooler is provided by Division 3 480VAC bus EP-1-A.
,

c - LPCS room'cocling- is provided by the ECCS Pump Room Cooling System, H39.
Room; cooling is not required for the initiation of the system. However, long
term LPCS operation is dependent upon the room cooling system to maintain the
environmental conditions within the qualified limits.

3.2.4.4 Success Criteria
,

Success of the LPCS system implies that either LPCS vas automatically
actuated at _ Level 1 or that it was manually actuated, and that coolant
make-up :to the reactor pressure vessel is being carri'i out at the rated
flov. The fault tree developed for this system is one of the inputs to the
failure of the lov pressure injection system function in the event trees (V).
The exact relationship is shovn in ine functional fault trees in Appendix E.

3.2.5 HlGH PRESSURE CORE SPRAY, E22
t

The purpose of the High Pressure Core Spray (HPCS) system is to sutomatically
provide coolant-to the_ reactor vessel during accidents when the pressere

.

remains high. Sufficient water inventory is maintained until the reactor is
depressurized- to_a'leve) where the Lov Pressure Core Spray and Lov Pressure
Coolant Injection systems can be placed into operation. :The ilPCS system is
also capable of performing ~ the functions of the Reactor Core IsolationO ': diagram of_the system is shown in Figure 3.2.5-1.
Cooling (RCIC)-system in the event of RCIC system failure. A simplified 4

'
-

;
3.2.5.1 System Description

The HPCS-system consists of a single train with motor-operated valves and a
motor idriven pump. Suction is taken trom two possible water sources. The

' Condensate Storage Tank (CST) is the preferred source. When a low level in
thei-CST.,or a high -level in the supnression- pool is . sensed, suction is
automatically- aligned-to. the suppression pool. Injection to the reactor

,

vessel is via a sparger which surrounds the core just inside the core. shroud.

The HPCS system is designed to pump vster into the reactor vessel over a vide
? range of pressures. .When -the system is started, initial flow rate ~is

'ostablished by primary system pressure. For reactor _ pressures af 1,177 psid
(differential pressure between the reactor- vessel and the sucu an source),
the minimum rated flow-is $17 gps. As vessel pressure _ decreases flov vill
increase. _ Vhen vesnel pressure reaches 200 psid the system rated cere spray

: flow is 6,110 gpm. A- restricting orifice in the pump discharge limits flow
to a maximuv designed runout flow of 7,800 gpm with reactor depressurized.
The HPCS pump and motor _are capable of delivering rated'flcv at full _ reactor
pressure vithin 27 seconds of an initiation. This includes the time for the

-D. vision 3' diesel generator to start and supply power to bus SH-13 if
necessary.
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3.2.5.2 System Operation

The HPCS system is initiated automatically if a lov reactor vessel vater
level of Level 2 or i high dryvela pressure of 1.68 pJig is sensed. This
energizes the pump, asarts the llPCS diesel generator, and aligns the valves.

Since the CST is designed to be the initial suction sout- for the llPCS
system, the CST st.c t i on valve, F001, is normally open und P0015, thesuppression pool suction valve, is closed. Suction is automatically svitched
to the suppression pool upon either lov CST level or high suppression poollevel. The CST suction valve closes when the suppression poo' suction valve
is fully open.

6

The HPCS system is automatically isolated when the reactor watet level
reaches Level 8. At this pint, the HPCS f rijec tion valve closes and the
minimum flov valve to the suppression pool opens. The llPCS pump continues torun. A Level ' signal vill reopen the valve.

I

3.2.5.3 System Interf' e and Dependencies

The system ir.i r* aces and dependencies are shown in Tabic 3.2.5-1.t

The HPCS system major dependencies are DC control power for fnitiating the
actuation relay logic and ilPCS pump breaker, AC pover for operating the llPCS
pump and valves, and HPCS pump room cooling.

The DC power is provided by Division 3125VDC bus ED4-C. Pover for the !!PCS
pump is provided by Divisica 3 4,160VAC bus EH-13, and pover for the valves
and room cooler is provided by Division 3 480VAC bus EF-1-E It should be
noted that Divisf ori 3 electric power ( AC and DC) is dedicated to HICS and its
supporting systems.

HPCS rcom cooling is provided by the ECCS Pump Room Cooling System, H39. The
system 1s not required for the initiation of the system, llovever, long term
operation is dependent upon the room cooling system to maintain theenvironmental conditions within the qualified limits.

The HPCS and RCIC syatems share a common CST suction valve F051H. This is anormally open manual valve. Failure of this valve vill fall the CST as a
suction source to both HPCS and RCIC.

>

3.2.5.4 Success criteria

Success of the HPCS system implies that either HPCS van automatically
< actuated at Level 2 or that it was manually actuated, and that coolant

make-up to the reactor vessel is being carried out at the rated flov It also
implies that svitchover from CST suction to suppression pool suction is
carried out when CST level is lov. The fault tree developed for this system
is one of the inputs to the failure of the high pressure core spray function
in the event trees (U1). The exact relatiorohip is shown in the functional
fault tree in Appendix E.
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3.2.6 REAq0R CORE ISOLATION C00L1HC, 051

The purpose of the Reactor Core Isolation cooling (PCIC) System is to ensure
that sufficient reactor vater inventory is maintained in the reactor vessel
during vessel isolation conditions to permit adequate core cooling to take
place.

During accider.t conditions, the RCIC sys. tem is capable of providing coolant
injection into the RPV for high pressure accident scenarios. A simplitled'

diagram for the system is shown in Figure 3.2.6-1,

3.2.6.1 Syn, tem Oercriptionc

The PCIC sy. tem is a single train system which consists of a steam-drivan
turbinc, an au.:ortated pump assembly, valve, and instrumentation. Suction is
taken from eithm the condensate storage tank (CST), or the suppression pool.
The RCIC pump discharges the vater through a spray nozzle inside the reactor
pressure vessel (RPV) head.

The RCIC pump is capable of providing a constant 725 gpm ilow rate, for RPV
pressures ranging betveen 1,192 psia and 165 psia. HAAP (Modular Accident
Analvnis Program) assumes RCIC operation dovn to 20 psig. 25 gpm of the
sys ; flov is recirculated to the RCIC pump lube ull cooler, providing
700 gpm injection into the RPV.

3.2.6.2 System Operation

During normal reactor operation, the RCIC system is in standby configuration.
The system can be activated and shutdovn manually or automatically.
Automatic initiation occurs on a lov reactor vater level (Level 2).
Automatic initiation of the RCIC system causes a trip of the main turbine and
the Reactor Feed Pump Turbines. In addition, automatic alignment of required
RCIC components vill occur. Required cooling systems vill teceive concurrent
automatic initiation signalti on low reactor vater 1cvel.

The RCIC system can be manually initiated by plant operators by arming and
depressing the RCIC manual initiation svitch. Plant and system response vill
be the same as for automatic initiation.

The RCIC suction supply can be manually transferred between the CST and the
suppression pool.

The operators are directed to override the RCIC suction shift from the CST to
the suppression pool for a Station Blackout. If the transfer has occurred,'

they are directed to return the suction configuration to the CST. The aboved

manual cetions are noted as they are specifically modcInd in the RCIC fault
tree.

3.2.6.3 System Interface and Dependencies

The system interfaces and dependencies are shown in Table 3.2.6-1.

The major RCIC dependency is upon DC power. By design, RCI is ch,able of
initiatica and operation independent of AC power, plant service air, and any
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external cooling vater systcou. All components and conttol systems necessary
f or the initiation of the hCIC system are povered f rom the plant eroergency DC
electrical mystem.

Other system components ate cupplied from emergency and non-emergency backed
AC power supplies. !4one of these components are required for system
initiation. Ths. ernergency backed components are typically associated with
isolation requirements. The non-etnergency backed components are not required
for any safety or reliability based system functiori.

Instrument Air is provided only to RCIC steam supply and exhaust drain line
valves.

RCIC room cooling is provided by the ECCS Pump Room Cooling System, H39. The -

system is not required for the ini'intion of the system.

3.2.6.4 Success Criteria

RCIC is assumed to be a success path for the following initiating events:

1. Small LOCA (52)
2. Loss of PCS Transient (T2)
3 PCS Availchle Trancient (T3A)
A Loss of Feedvater Transient (T3B)
$. Loss of Offsite Power (TI)
6. Station Blackout (T1-B)

For each of the initiating events in which RCIC is cons ~dered a success path,
the RCIC system is required to provide full flov (700 gpm) into the reactor,

vessel for a tventy-four hour accident duration. The fault tree developed
for this system is one of the inputs to the failure of the reactor core
isolation cooling function in the event trees (U2). The exact relationship
is chovn in the funcHonal fault tree in Appendix E. -

3.2.7 EMERGE!4CY CLOSED C00 lit 4G, P42

The ECC system provides cooling to selected loads for selected modes of
norrr.al reactor operation as well as during a loss of coolant accident (LOCA)
or a loss of offsite power (LOOP). Motor operated val"es automatically align

a on a LOCA or LOOP signal to provide cooling to the control complex chillers.
1 These chillers normally receive cooling water from the fluclear Closed Cooling

(t4CC) system, P43. A simplified diagram of the system is shown in Figuros
3.2.7-1 and 3.2.7-2,

3.2.7.1 System Description

The ECC system is divided into tvo independent loops each consisting of a
pump, heat exchanger, surge tank, valves and interconnecting piping. A

chemical addition tank is shared by the two loops. The ECC heat exchangers
are cooled by the Emergency Service Vater system. The pumps and motor
operated valves receive power irom diesel backed buses.

The ECC is designed to yield a maximum expected equipment cooling vater
temperature of 95'F.
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t

/^\ ECC is designed such that in the event of a single active or passive fail >re
V in the system, cooling water care be supplied to either of the Engineeted

Safeguards Features divisions.

3.2.7.2 System Operation

ECC is required to supply equipment cooling to the Residual llent Removal
pumps and room coolers and the Reactor Core Isolation Cooling room cooler
during reactor isolation in hot standby. The initiation of the systo for
thin mode of operation is a remote-manual function.

ECC is required to supply cooling vater to support the Residual Deat Removal
system in the normal shutdown mode. The initiation of ECC for this mode is a
manual operation and is dependent on the specific Ri!R system requirements for
cooling water.

The ECC system provides cooling to selected loads during a loss of coolant
accident (LOCA) or a loss of offsite power (LOOP). Motor operated valves
automatically align on a LOCA or LOOP signal to provide cooling to the
control complex chillers. These chillers normally receive cooling vater from
the Nuclear Closed Cooling (NCC) system P43.

ECC is designed such that in the event of a single active or passive failure
in the system, cooling vater can be supplied to either of the Engineered
Safeguards Features divisions.

(~')N( 3.2.7.3 Sysi:m Interface and Dependencies

The system interfaces and dependencies are shown in Table 3.2.7-1.

The system is dependent upon the following electrical suppliest

EF-1-A (A valves) ED-1-A (Pump A controls) _

EF-1-B (Pump A) ED-1-B (Pump B controls)
EF-1-C (B valves)
EF-1-D (Pump B)

The ECC major dependencies are DC control power for initiation logic and
control logic, AC power for pumps and valves, and Emetgency Service Vater.
Dependencies on Instrument Air, PS2, and Two-Bed Dominera11 red Vater, P21, or
Emergency Service Vater, P45, for make-up vater vere not needed for the fault
stee models developed. The dependency on Emergency Pump Area Cooling for
ilVAC vas not incorporated into the fcult tree model as not being needed for
the duration of the event.

DC power for Division 1 control logic and initiation logic is supplied by Bus
ED-1-A. Bus ED-1-B supplies DC power to the Division 2 control logic and
initiation logic. Because train A ECC is ini''ated during Reactor Core

Isolation Cooling, there is an initiation signa. m Division 2 to train A

ECC. AC puver is supplied from divisienally sepa .ted AC 480 volt buses.

A
V
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3.2.7.4 Success criteria

ECC is required to supply cooling water for 24 hours following a LOCA or
transient. The fault tree developed for this system provides inputs to the
frontline systems.

3.2.8 EMERGENCY SERVICE VATER, p45

The Emergency Service Vater (ESV) system supplies cooling vater to equipment
(including RHR, diesel generators, and emergency closed cooling (tube side of
heat exchanger)) required for normal and emergency shutdovn of the reactor.
It can also provide water to Fire Protection, Fuel Fool Cooling and Cleanup,
Emergency Closed Cooling (shell side of heat exchanger), Residual Heat
Removal (for containment flooding), Stardby Liquid Control, and the ESV
Screen Vash (for delcinf,). A simplified diagram of the system is shown in
Figure 3.2.8-1.

3.2.8.1 System Description

The source of water for the ESV system is Lake Erie. The ESV system is made
up of three independent trains. Each train consists of a motor driven pump,
motor operated valves, and heat exchangers. Train C is dedicated to the High
Pressure Core Spray system.

The Loop A and B pumps are designed for 12,900 gpm and are driven by 800 hp
4,160VAC motors povered from EH-ll and EH-12, respectively. The Loop C pump
is designed for 960 gpm and is driven by a 75 hp 480VAC motor povered from
EF-1-E.

The system is designed to operate with a maximum vater temperature of 85'P.

The ESV pumps are all located in the Emergency Service Vater Pumphouse.
Because of the relative location of the system components, local access to
the ESV system would net be affected by either containment venting or
failure. Because of the large size of the pumphouse and the presence of
louvers on the valls, ample room ventilation was assumed available and a loss
of ESV Pumphouse Ventilation, H32, was not considered to fail the pumps.

3.2.8.2 System Operation

ESV loops A and B automatically start within 18.5 seconds following receipt
of any of the folloving signals: Division ' or 2 diesel starts, or dryvell
high pressure, or RPV level 1, or loss of offsite power, or (for loop A only)
initiation of RCIC.

ESV loop C automatically starts 28 seconds after receipt of any of the
following signals: Division 3 diesel start, or high dryvell pressure, or RPV
level 2.

ESV loop B can be manually aligned to RHR Joop B to provide the capability to
flood the containment.

ESV loops A and B can be manually aligned to provide an emergency make-up to
the ECC surge tanks for the respective loops.
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[] ESV loop B can be manually aligned to provide an emergene.y make-up to the SLC
V surge tank for the respectivs loops.

3.2.8.3 System Interface and Dependeneig

The system interfaces and dependencies are shovn in Table 3.2.8-1.

The Emergency Service Vater system major dependencies are DC control power to
the pumps and AC power for operating the valves and pumps. ESV train A
receives DC power form ED-1-A, train B from ED-1-B, and train C from ED-1-C.
AC power is supplied from divisionally eparated sources.

Dependencies on Instrument Air vere not needed for the fault trees and not
developed. The dependency on ESV Pumphouse Ventilation system was not
incorporated into the ESV fault tree model as not being needed for the
duration of the events.

3.2.8.4 Success Criteria

ESV must supply vater for 24 4.w ' a m ~g e. LOCA or transient. The fault
trees developed for this suppose jetem provide inputs to the front line
systems and also one of the inputs to the failure of the low pressure
injection (ESV crosstic) function in the event trees (Va). The exrct
relationship is shown in the functic.1al fault tree in Appendix E.

m 3.2.9 $CRVICE/ INSTRUMENT AIR SYSTEMS, P51/P52

The purpose of the Instrument Air system is to supply clean, dry, oil free
air to various control and instrumentation functions throughout the plant.
For the IPE, the purpose of the Service Air system la to supply air to the
Instrument Air system. A simplified diagram of the service and instrument
air systems is shown in Figure 3.2.9-1.

3.2.9.1 System Description

The Service Air and Instrument Air system each consist of two separate
trains, one for each Unit. The Service Air trains are interconnected to
through two motor operated valves (1P51-F0090 and 2P51-F0090). The Service
Air trains are also connected to the Instrument Air trains through check
valves (IP51-F0532 and 2P52 F0532) and pneumatic valves (1P52-F0050 and
2P52-F0050). The Instrument Air trains are interconnected through two motor
operated valves (IP52-F0210 and 2P52-F0210). Each train of the Service Air
and Instrument Air systems consist of an air compressor and a receiver tank.
Compressed air flows from the receiver tank through the distribution piping
to components in the plant.

3.2.9.2 System Operation

Under normal plant operating conditions, the instrument air for both Units
vill be supplied by one Service or Instrument Air compressor. Preferred
system configuration is to have one compressor running vith at least oneg) compressor in standby. The preferred alignment is to have a compressor from(

U the opposite unit in standby to ensure an air supply on a loss of either the
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Unit 1 or 2 supply bus. Normal system operating pressure range is 120-130
psig.

|

3.2.9.3 System Interface and Dependencies

The system interfaces and dependencies are shown in Table 3.2.9-1.

The major dependencies of the Service and Instrument Air systems are
electrical power and Nuclear Closed Cooling.

|Service and Instrument Air systems are non-safety systems and thus are not j
supplied by diesel backed electrical power. The exception is for the
Instrument Air containmert and Dryvell isolation valves which are safety
related. i

The Unit 1 Service and Instrumeat Air Compressors are supplied from 4.6KV BUS
11 - 1 2 . The Unit 2 compressors are supplied from !)us 11 - 2 2 . The 480VAC,
120VAC, and 125VDC supplied Service and Instrument Air components are povered
from the corresponding Units 4.16KV llus.

Component cooling is provided by the Nuclear Closed Cooling System. Room
cooling for the systems is provided by the controlled Access and
Miscellaneous Equipment Area llVAC System (H21). Cooling under accident
conditions is also provided indirectly by the Emergency Closed Cooling Pump
Area Cooling System (d28) due to the proximity of the compressors to the
Emergency closed Cooling System. It is assumed for this analysis that
neither room cooling system is required for Instrument and Service Air System
success for the accident duration.

3.2.9.4 Success criteria

The success criteria for Service and Instrument Ali is not dependent upon
plant initiators.

The. system is required for long-tera successful operation of the non-ADS
Safety Relief Valves (SRVs). System success is defined as provided at least
one operable compressor and a flow path to the SRV Instrument Air
dAstribution system.

The fault trees developed for the P51/PS2 systems a':e linked to other
systemic fault trees as they are support systems.

3.2.10 SAFETY RELATED INSTRUMENT AIR SYSTEM P57

The purpose of the Safety Related Instrument Air (SHIA) System is to supply
clean, dry, oil free air to the Automatic Depressurization System (ADS),
Safety Relief Valve Accumulators and to the accumulator for one non-ADS SRV

(B21-F051D). A simplified diagram of the system is shown in Figure 3.2.10-2.
>

3.2.10.1 System Description

The Safety Related Instrument Air System consists of an air comprescor, air
filters, air receiver tanks, two air storage tanks, and two separate air
headers for distribution. The "A" header charges the four accumulators
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associated with the ADS relief valves and the one non-ADS valve. The "B"
header charges the forr accumulators associated with the other four ADS
valves.

-The Safety Related Instrument Air System fulfills its normal function without
operator. action. The ADS Storage Tanks supply make-up air to the ADS
accumulators for any leakage from the ADS system. Vhen air pressure
decreases to approximately 160 psig, the air compressor vill automatically
start to recharge the system to approximately 170 psig and vill automatfeally
stop.

The ADS Storage Tanks provide a volume of 1,3$0 cubic feet of compressed air.
Extrapolation of an engineering design calculation indicates that up.to 336
actuations per train can be achieved. This accounts for system leakage over
a seven day period. Pipe fittings are provided for temporary connection of
portable air cylinders to each header as a backup source of compressed air.
Once. connected, these cylinders vould be used to restore system pressure and
then disconnected.

3.2.10.2 Syste.n Operation

in normal operation, the Safety Related Instrument Air System Compressor vill
be instandby configuration, cycling on and off to maintain system pressure
between 160 psig and 170 psig.

In standby configuration, the compressot vill auto start when system pressure
O . decreases to approximately 160 psig. The compressor vill automatically

shutdovn when system pressure increases to apprdximately 170 psig.

3.2.10.3 System I_nterface and Dependencies

The system interfaces and dependencies are shown in Table 3.2.10 1.
.

The only major dependency of the Safety Related Instrument Air System is upon
the I.lant electrical system. The containment and dryvell isolation valves
are_ su, plied by. diesel-backed electrical power. _480VAC Bus EF-1-A supplies-
valves -IP57-F015A and IP57-F070A. 480VAC Bus EP-1-C supplies valves
IP57-r015B and 1P57-r020B. The compressor is supplied from a non-crergency
power supply (Bus F-1-C).

No component cooling system is required for system operation..

'

Room cooling is provided by the Auxiliary Building HVAC System (M38) and the
Intermediate Building Ventilation System (H33). The HVaC systems vere not
modeled.

'3.2.10.4- Success-Criteria

System- success is defined per individual train of the Safety Related
Instrument Air System.

Individual train success requires the operability of a flow path from the air
,

storage tank to the ADS valves for the event duration. However for long term
accident scenarios, success criteria vill additionally require the

i

Page 3-63
,

'

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



___ _

operability of the Safety Related Instrument Air Compressor or connection of
air cylinders to the air system.

The system is required for successful operation of the ADS valves and the one
non-ADS valve.

The fault trees developed for the P57 system are linked to the ADS systemic
fault trees as P57 is a support system.

3.2.11 FIRE PROTECTION, P54
1

For the IPE the purpose of the Fire Protection system is to provide an
alternate supply of vater to the suppression pool or the reactor pressure,

vessel in the event that the Emergency Core Cooling systems are unavailable. -

A simplified diagram for the system is shown in Table 3.2.11-1,

3.2.11.1 System Description

Although the Perry Fire Protection system includes both a motor driven pump
and a diesel driven pump, only the diesel driven pump vill be included in the
model. The Diesel Fire Service Pump vith a design capacity of 7,500 gpm at
125 psig is directly coupled to a diesel engine throug'n a right angle
coupling with a non-reversing mechanism to prevent backspin of the diesel.
The diesel engine in equipped with an electric starter which is supplied by 2
independent battery banks. A battery charger is supplied to automatically '

maintain the batteries in a fully charged condition. During operation the
diesel control and alarm circuitry is povered by a shaft driven alternator.

,

3.2.11.2 System Operation
i

For the Perry IPE there are no automatic functions associated with the fire
protection system.

The diesel driven fire pump is started and the valves aligned to enable fire
_

water to be pumped into the vessel through the feedvater injection line.

3.2.11.2 System Interface and Dependencies

The system interfaces and dependencies are shovn in Table 3.2.11-1.

The pottion of the fire protection system modeled for the IPE is not
dependent on any of the other support systems within the IPE model. The
diesel driven pump has its own battery sets and the shaft drivta alternator
prevides control power. Each of the valves is manipulated by hand.

3.2.11.4 Success Criteria

The dierel driven fire pump starts and injects into the Reactor Pressure
Vessel.

The fault trees developed for this system are one of the inputs to the
failure of the fire protection function in events trees (Va). The exact
telationship is shown in the functional i'ault trees in Appendix E.,
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i,

3.2.12 D.C. ELECTRICAL SYSTEH, R42
,

The purpose of the, Class IE DC power system is to provide continuous 125 VDC |
power for control and svitching of the components in those systems needed for '

the safe shutdown of the plant. |

The emerger cy DC power system consists of three divisions. These divisionn
,are completely separate and independent with each designed to provide DC i

power to the respective divisional loads required for safe shutdown of the
plant. A simplified diagram for the system is shown in Figure 3.2.12-1, 2,
and 3.

'

3.2.12.1 System Descriptirin

Division 1 and 2

Unit 1 Division 1 and 2 buses (ED-1-A and ED-1-B) are each connected to a
'

60 cell lead acid. 1,200 ampere-hour battery. The batteries at. sized to ;

supply the required DC loads for a minimum of 2 hours without any cell
voltage decreasing to *,.75 Volts / cell or the total battory voltage decreasing '

to less than 105VDC.

The Class 1E DC buses are also com.ected to 400 ampere battery chargers and
400 ampere reserve battery chargers. All Class IE battery chargers are solid
state and are backed by the respecthe division i or 2 diesel generators.

,

Division _3,

The Division.3 bus (ED-1-C) is connected to a 60 cell Irad acid battety rated
at 100 ampere-hours. ED-1-C is also connected to a 50 ampere battery charger '

and a 50 ampere reserve battery charger. The battery c' argers are backed by
,

the Division 3 diesel generator.

The Unit 2 DC buses, FD-2-A and ED-2-B and ED-2-C, may be manually crosstied
to the respective Unit 1 DC buses in the event that the Unit 1 batteries and
chargers are not cvailable due to either maintenance (equalizing charge on
batteries, charger maintenance, etc.) or random fallute. The Unit 2 battery '

chargers are not diesel backed.
?

3.2.12.2 System Operation

If--the battery chargers and reserve battery chargers become inoperable or if i
AC power is~ lost, the batteries win automatically pick up the load.

3.2.12.3 System Interface and Dependencies

The system interfaces and dependencies are shown in Table 3.2.12-1.

~The Class 1E DC power system is dependent on the availability of the AC power
systea for long-term operation. Following Station Blackout with manual load
shedding -and crosstieing Unit I and 2 batteries, the batteries have
sufficient capacity for 22 hours.
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!
,

The DC power system is also dependent on the MCC, Svi t c he,ea r und (|Hiscellaneous Electrical Equipteent Areas HVAC, H23, to maintain the ambient
temperatures within the design limits. Battery Rooms Enhaust System, b24, is
also needed to dissipate the hydrogen generated from the operation of the
batteries. These systems vere not modeled as being necessary for the
duration of the event.

3.2.12.4 Success Criteria

The DC power system (batteries, chargers and reserve chargers) must supply at
least 105VDC for 2 hours following a LOCA or transient other than a Station
Blackout.

The batteries must supply nt least 105 VDC for 22 hours following a Station
Blackout. After 22 houts AC power must be restored. The Unit 1 and Unit 2
Divisions 1 and 2 must also be crosstied and nonessential loads shed for the,

batteries to last 22 hours.

The fault trees developed for the D.C. electrical system are linked to other
systemic fault trees.

3.2.13 AC POVER, STANDBY DIESEL GENERATOR SYSTEH R43g
HIGH PRESSURE CORE SPRAY DIESEL GENERATOR SYSTEH, E22B

The AC pover system provides the source of AC power to those systems needed
to safely shutdown the plant. A simplified diagram for the system is shown
in Figure 3.2.13-1.

3.2.13.1 System Description

The t.C power system consists of three 4,160VAC Class 1E buses, their
associated stub buses and switchgear, and the diesel generator systems. The
Division 1 and 2 buses (EH-11 and EH-12) provide an independent source of AC
pover to the majority of the engineered safeguard features (ESP) of Perry.
The Division 3 bus (EU-23) is dedicated to the High Iressure Core Spray
system and its support systems.

The Unit 1 interbus transformer is considered the preferred source of power
to the 4,160VAC Class IE buses with the Unit 2 interbus transformer being the

.

alternate preferred source and the diesels being the emergency source. The
interbus transformers receive power from 13.8KV buses L10 and L20 which
receive power from the Unit I and 2 startup transformers.

3.2.13.2 System Operation

The Division 1 and 2 diesel generators automatica1'.y start on an RHR LOCA
signal or an undervoltage signal on the associated bus. Large loads are
sequenced at approximately 5 second intervals to ensure that large motors
vill have attained rated speed and that voltage and frequency vill have
stabilized before succeeding loads are applied.

The Division 1 and 2 stub buses (XH-11 and XH-12) are stripped from buses |hEH-11 and EH-12 during an automatic diesel generator stnrt due to an RHR LOCA
signal. The stub bus tie breaker may be reclosed after placing the LOCA
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e

'

'

Bypass Keylock Svitch to BYPASS then taking the control switch for the.

(,- breaker to CLOSE. During a bus undervoltage event without e". Ellit LOCA :
.aignal, the stub buses are not stripped.

The Division 3 diesel generator starts and loads on a !!PCS LOCA signal or an
undervoltage. signal'of Bua EH-13. ,

;

3.2.13.3 System Interface and Dependencies

The system interfaces and dependencies are shovn in Table 3.2.13-1.
>

Each of the Division 1 and 2 diesel generators depend on 5 systems for its '

operation: Standby Diesel Generator Starting Air, R44: Standby Diesel
Generator Fuel Oil, R45: Standby Diesel Generator Jacket Vater Cooling, R46:
Standby Diesel Generator Lube Oil, R471 and Standby Diesel Generator '

Exhaust / Intake Crankcase, R48. Tha Division 3 diesel generator han these i

same systems incorporated into its design. All of those systems are treated '

as part of the diesel generator.

In addition, each of the diesel generators also depond on several other
systems for long term operation._ Emergency Service Vater, P45,-transports a
large portion of the heat generated during operation of the diesel generators
to Lake Erie. Diesel Generator Building VentJIntion, H43, dissipates the ;

balance of the heat generated to the atmosphere. Emergency DC Pover, R42,
providea control _ power to the diesel generators. Each of these systems v

. provides ' support'to the diesel generators by separate divisions. There are,

)- r.o dependencies which are interdivisional.

3.2.13.4 Success Criteria
,

Emergency AC-pover system supplies AC power for at least 24 hours following a
LOCA or transient other than a Stetion Blackout.

,

-Polleving a Station Blackout, AC power must be restored within 22 hours or
within the time specified in the sequence,

Given a failure.of the_ automatic initiation, the diesel generators must be
manually started in the event of loss of offsite power.

The fault trees developed for this system are input as support systems to
frontline systems and one of the inputs to the failure of the AC power
function in the loss of offsite power event trees (BI). The exact
relationship is shown in the functional fault trees in Appendix E.

3.2.14 SUPPRESSION POOL HAKE-UP, G43
DRYVELL VACVUH RELIEF, M16

.

The Suppression Pool Hake-up System (SPMU)_provides a rapid means of gravity
-feeding the suppression pool from the upper containment pool to compensate
for any conservable water loss associated with a Loss-of-Coolant-Accident
(LOCA). -A simplified diagram for the system is shown in Figure 3.2.14-1. ,

(
The Dryvell Vacuum Relief System provides a means to limit the buildup of
negative pressure in the dryvell in order to protect the dryvell from
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flooding following a small break in the containment. The system also
provides for dryvell to containment isolation during LOCf conditions. A
simplified diagram for the systet is shown in Figure 3.2.14-2.

3.2.14.1 System Description

The Suppression Pool Hake-up system is divided into two 100% capacity,
independent trains, each consisting of piping and two downstream motor
operated isolation valves. Train A is physically separated from Train B.
The suppression pool volume, between the normal lov vater level (LVL) and
minimum post-accioent pool level, plus the make-up volume from the upper pool
is adequate to supply all possible post-accident entrapment volumes for
suppression pool vater. The long term post-accident containment pressure and
suppression pool temperature takes credit for the volume added from the upper
containment pool.

The system gravity dump time through one of the two redundant lines is less
than or equal to the minimum pump time. Pump time is determined by dividing
pumping volume (upper pool make-up volume plus volume in the suppression pool
stored between LVL and minimum top vent coverage) by the total maximum runout
flow rate from all five ECCS pumps.

The Dryvell Vacuum Relief System is divided into two independent relief
lines. Each line consists of a 10" vent line, a motor-operated dryvell
vacuum relief valve, and a sving check valve. If a vacuum is sensed in the
dryvell, the vacuum relief valves (lH16-F010A,B) open. The differential
pressure between the dryvell and containment vill cause air to be drawn into
the vent pipe, through the sving check valves (1H16-F020A B) and the dryvell
vacuum relief valves (lH16-F010A,B) and into the dryvell.

The Dryvell Vacuum Relief System is designed to limit a buildup of negative
pressure inside the dryvell and to pre. vent suppression pool vater from
overfloving the suppression pool veir vall which vould result in partial
flooding of the dryvell following a small-pipe bresk in the containment.

The dryvell vacuum relief lines are spaced around the dryvell to meet space
separatio,t requirements so that direct " shine" or " streaming" of radiation
from inside the dryvell is minimized.

3.2.14.2 System operation

The opening of the SPHU system valves is signaled by a series combination of
a Lo-Lo suppression pool level and a LOCA signal. The Lo-Lo level it 18
inches below the normal low vater level. Since maximum ECCS pump flov lovers
the suppression pool at a rate of approximately .88 feet per minute, there is
approximately 1.5 minutes between the start of ECCS flow and generation of a
dump initiation signal taking into account only for maximum ECCS system of
flov from the suppression pool. The actual time between a LOCA and
suppression pool lov level signal is actually one to two minutes longer than
this because vessel inventory mass is added to the suppression pool during
blovdown steam condensation. This built-in delay assures that the Dryvell
prescure transient due to vessel blowdovn has ended prior to dumping of the
upper pool and corresponding increase of vent submergence.

Page 3-68

!

. -. _ --. _ .



pliu uus ''

O- The SPMU system dump valves can also be signaled to open by a LOCA signal in
series with a 30 minute timer where the timer itself is started by the LOCA
signal. This path of initiation logic is independent of supp ssion pool
level and is rpecifically directed towards insuring that the combined upper
pool and suppression pool volumes are available as a heat sink for "small"
breaks which do not lover the suppression pool to the 1.0-Lo level t rip, but
continue to dump vessel blovdovn energy into the suppression pool. The
minimum suppression pool volume, however, is adequate to meet all heat sink
requirements without an upper pool dump.

Adequate water can be provided to the suppression pool even if one of the
SPMU trains fails to initiate. One line can deliver the entire make-up
volume in about 8 minutes and 40 seconds. In the remote possibility that
both lines fail to initiate, the Control Room operator can manually initiate

_

the system. This is done by first checking that a LOCA permissive signal is
present. The Control Room operator then initiates the system by arming and
depressing the Train A and Train B Har.ual Initiation Svitches.

If a dryvell vacuum condition is sensed, the isolation valve vill
automatically open until the vacuum signal is no longer present, then the
valve vill automatically reshut. If a LOCA signal (B0P isolation - RPV vater
level 2 or High drywell preJsure) is received, the vacuum relief isolation
valve vill close. The valve vill remain closed until either a dryvell vacuum
signal is received or the operator places the control svitch to OPEN. It

should be noted that the isolation valve vill remain in the OPEN position
indefinitely. In order to shut the isolation valve, the vacuum signal must

O be cleared and the operator must place the control switch to the CLOSE
position.

The dryvell vacuum relief check valves (M16-F020A,B) have no controls or
interlocks associated with their operation. They function on a differential
pressure across the valves to open and gravity to close.

3.2.14.3 System Interface and Dependencies
_

The system interfaces and dependencies for G43 are shown in Table 3.2.14-1.
The system interfaces and dependencies for the M16 are shown in Table
3.2.14-2.

Electric Buses (required): EF-1-A (A valves)
for Suppression Pool Makeup EF-1-C (B valves)

EK-1-Al (A valve controls)
EK-1-B1 (B valve centrols)

Electric Buses (required): EF-1-B (480 VAC for A isolation valve)
for Dryvell Vacuum Relief EF-1-D (480 VAC for B isolation valve)

EK-1-Al (120 VAC for indication)
EK-1-B1 (120 VAC for indication)

The SpMU dependencies are 120VAC control power for initiation logic and

control logic, 480VAC power for the main flow path motor operated valve
() operation, and the water supply coming from inventory in the upper

containment pools.
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The AC power for the Division 1 control logic and initiation logic is
supplied by Bus EK-1-A1. Bus EK-1-B1 supplies AC power to the Division 2
control logic and the initiation logic. Hotor operated valve power is
supplied from divisionally separated 480 VAC buses.

The Dryvell Vacuum Relief System dependencies are 120 VAL control pover for
isolation valve logic, 480VAC pover for the motor operated isolation valve
operation, and instrument air for testiag of the check valves.

Bus EF-1-B supplies Division 1, 480VAC power to the M16-F001A isolation valve
for operation and control. Bus EF-1-D supplies Division 2, 480VAC power to
the M16-F0010B isolation valve for operation and control. Three 120 VAC
sources (buses EK-1-Al and EK-1-B1 and dis tribution panel K-1-li) supply power
for indicator lights, ERIS, and check valve testing. Instrument Air, PS2, is
used to open the relief check valves for periodic exercising so that
operability is assured.

3.2.14.4 Success Criteria

SPHU is required to provide a rapid means of grafity feeding the suppression
pool from the upper containment pool to compensate fcr any conceivable vater
loss associated with a LOCA. This ensures that there is an adequate water
volume in the suppression pool to keep the suppression pool vents covered for
all break sires.

The dump valves are required to open for a lo-lo level in the suppression
with a simultaneous LOCA signal. The dump valves are also required to open
for a LOCA signal that has been continually present for 30 minutes following
its initiation. In this latter case the Lo-Lo level in the suppression is
not required. This ensures an adequate long term heat sink is available
regardless of the break size.i

The fault trees developed for this system are one of the inputs to the
-failure -of the containment venting function (Y) in the ATVS event trees.
The exact relationship is shown in the functional fault trees in Appendix E.

The Dryvell Vacuum Relief System is required to limit the buildup of negative
pressure inside the dryvell. This ensures that the suppression pool vater
vill not overflow the suppression pool velr vall which would result in
partial flooding of the dryvell folloving a small break in the containment.

Following the blevdown phase of a LOCA, air initially contained in the
dryvell is full of steam. During this period the ECCS is injecting cooling
vater from the suppression pool into the reactor pressure vessel. When the
reactor pressure vessel is flooded to the level of the break, vater begins
spilling onto the dryvell, condensing the steam and causing rapid

depressurization of the dryvell, and a possible vacuum condition to be
created. The Dryvell Vacuum Relief System ensures that the vacuum condition
vill be mitigated.

The fault trees developed for this system are one of the inputs to the
failure of the containment venting function (Y) in the ATVS event trees. The
exact relationship is shovn in the function fault trees in Appendix E.
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3.2.15 DIESEL CENERATOR BUILDING VENTILATION, H43

The Diesel Generator Building Ventilation system functions to provide i

ventilating air to the diesel generator rooms. This air is provided to
dissipate the heat generated by the diesel generators and miscellaneous
equipment during operation. A simplified diagram for the M16 system is shown

;

in Figure 3.2.15-1.

3.2.15.1 System Description

The Diesel Generator Building Ventilation system is designed to maintain the '

Diesel Generator Rooms at 120'F maximum with an outside temperature of 95'F
and at 40'F minimum with an outside temperature of -$'F.

,

The system serves the three diesel generator rooms. Each room is served by
two 100% capacity air fans, four 50% capacity motor operated exhaust louvers,
outside air and recirculation dampers, and ductwork. One of the four exhaust
louvers in the Division 1 and 2 diesel generator rooms is normally open, the

,

other three are normally closed. All of the exhaust louvers in the Division '

3 diesel generator room are normally closed. The system for each room is
divided-inte two trains.

Iloth traias start vben the diesel generator _ in that room starts. The amounts
of outside and recirculated return air used for cooling are automatically
controlled by outside air and recirculation dampers. Only one ventilation

_ train is normally required to provide adequate room cooling. The other train-

_
_

can be shutdown. Inactive supply fans are automatically isolated by the
,

outside air danipers. For the Division 1 and 2 diesel generator rooms, when
| neither fan in the rooms operate, the outside' air dampers modulate to promote
| natural recirculation and the suxiliary room cooling fan operates to maintain

acceptable room temperatures during standby conditions. [

vhen the carbon dioxide fire suppressic.n system is activated, outside air and
-- exhaust air dampers close, the recircuistion air dampers open, and all fans

stop.
,

3.2.15.2 System Operation

Both trains of H43 in a room start when the diesel generator in that room
starts. The amounts of outside and recirculated return air used for cooling
are automatica11'; controlled by outside air and recirculation dampers.

,

3.2.15.3 System Itverface and Dependencies

The system interfaces and dependencies are shown in Table 3.2.15-1.

The diesel generator building ventilation system-is dependent only on the AC
.

power system. There are no room coolers to be supported by a cooling vater
supply. _There is no dependency on DC pnver. +

0 '
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g3.2.15.4 Success criteria

The diesel generator ventilation system must supply air to the diesel 2

generator rooms within 15 minutes of the start of a diesel generator. Only
one train is required to start and run for each division. The fault trees
developed for these systems are input as support systems to the diesel
generator fault trees.

3.2.16 CONDENSATE TRANSFER SYSTEM

The Plant Emergency Instructions, PEl-B13, provide six alternate methods for
the injection of water into the reactor pressure vessel under accident
conditions. These systems are utilized after the primary injection systems
(i.e., ECCS, Feedvater and RCIC) fail to maintain RPV level above the Top of -

Active Fuel (TAF). A simplified diagram for the system is shovn in Figure
3.2.16-1.

3.2.16.1 , System Description

This alignment provides make-up into the RPV using the Condensate Transfer
and Storage flush Vater rupply to RHR Shutdown cooling to Feedvater Line or
LPCI injection line for injection either outside or inside the shroud. This
alignment requires one locn valve in the AD 620' elevation to be operated.
A simplified diagram for the Condensate Transfer Alternate Injection path is
shown in Figure 3.2.16-1.

3.2.16.2 System Operation

Suction for this injection path is taken from the Condensate Storage Tank,
pumped by Condensate Transfer Pumps, 1P11-C001A and B and through Feedvater
Flush Supply Valve 1E12-F3WA or B into the RHR System. From there, flow can
be diverted inside or outside the RPV shroud by directing flov through tne
LPCI injection line or the Shutdown Cooling to feedvater line. .

3.2.16.3 System Interface and Dependencies

The system interfaces and dependencies are shown in Table 3.2.16-1.

Electrical power is provided by offsite power.

Instrument Air is supplied to valve 1E12-F0300A/B/C. Failure of Instrument
Air vill cause the loss of this valve function and thus a loss of the
injection path.

No component or room cooling is required for system operation.

The vater supply is provided by the condensate Storage Tank.

3.2.16.4 Success Criteria

For the Condensate Transfer Alternate Injection System, one 1,000 gpm punp is
assumed to be required for system success.
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f- The fault trees developed for each injection path form the primary input tod function Va as shovn in Appendix E.

3.2.17- CONTAINMENT VENTING (FPCC)

Plant Emergency Instruction PEI-D23-2 provides f or 2 mechanisms for venting
the containment in the event that the containment pressure cannot be
maintained belov the containment Pressure Limit. One vent path is through
the Fuel Pool Cooling and Cleanup system skimmers and piping. A simplified i

diagram for the system is shown in Figure 3.2.17-1.

3.2.17.1 System Dese_r_1ption

The Fuel Fool and Cleanup system normally removes decay heat generated by
spent-fuel stored in the Fuel Storage pools and maintains the purity, clarity
and level of the water in the upper pools. This system may also be used to
vent the containment if the containment pressure _cannot be maintained below
the Containment Pressure Limit provided in PEI-D23-2.

The FPCC system is aligned to vent the containment through the 11 skimmers in
~the -Fuel Transfer and Storage Poc. the Reactor Vall and the Separator
Storage Vell, to the FPCC Surge Tank and into the fuel llandling Building
atmosphere through the 5 skimmers in the Spent fuel Storage Pool.

3.2.17.2 . System Operation

Venting of the containment must be manually aligned,

a. Verify that at least 1 Fuel llandlirg Building HVAC Exhaust fan
( -(OH40-C0002A, B or C) is in operation.

-b. Open Containment isolation motor operated valve 1G41-F0145. '

c.- Open Containment isolation motor operated valve IG41-F0140.
"

3.2.17.3 ' System -Interface and Dependencies

The system interfaces and dependencies Leo shown in Table 3.2.17-1.

The systems are dependent upon the following electrical supplies:

L EF-1-A (1G41-F0145)
'

EF-1-B (OH40-C0002A) '

EF-1-C (IG41-F0140)
EF-1-D'(OM40 C0002B)
EF-2-D (OH40-C0002C)

'

The dependency for this vent path is on electric power only if a containment
isolation should occur prior to the loss of electric pover. In this case the
normally- open inboard isolation valve 1G41-F0140 would be closed with no way
for an operator'to open it. The Fuel Handling Building Ventilation System

._

exhaust fans, although dependent on electric power are not assumed to_be
\ - needed for containment venting success.
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3.2.17.4 success Criteria

Any one vent ps.tb is considered a success. This system in the major input to
function Y. Full details of the development of this function fault tree are
given in Appendix E.

3.2.10 C_0t{TAINHENT VEtTTING (RilR)0

Plant Emergency Instruction PEI.D23-2 provides for 2 mechanisms for venting
the containment in the event that the containment pr essure cannot be
maintained be. lev the Containment Pressure Limit. One vent path is through
the RiiR Containment Spray headers and out through the Spent Fuel Storage
Iool. Simplified diagrams cre shovn in figures 3.2.18-1 and 2.

3.2.18.1 System Description

In addition to providing containment heat removal through the containment
spray mode of operation, the RHR containment spray headers can be used to
vent the containment as described in PEI-D23-2.

The containment is vented by aligning the RilR containment spray headers by
means of the RilR piping to the FPCC Supplement Cooling connection and into
the Fuel Handling Building atmosphere through the Spent Fuel Storage Pool.

3.2.18.2 System Opdration

Venting of the containment must be manually aligned.

a. Open the FPCC to RHR Supply manual valve 1G41-F0559A.

b. Verify that at least 1 Fuel llandling building IIVAC Exhaust fan
(OH40-C0002A, B or C) is in operation.

c. Verify RHR valve IE12-F0027A(P) is open.

d. If the containment spray mode has not been initiated or if the hilR
valves to the spray headers are closed, stop Rl!R pump A(B) and arm and
depress the Containment Spray Manual Initiation push-button,
1E12A-63A(B).

If the loop to be placed in the venting mode is in operation, then
depress the Containment Spray Loop A(B) Seal-In Reset push-button,
1E12A-S64A(B) to reset the initiation logic. Then stop RilR pump A(B).

e. Close the RIIR heat exchanger bypass motor operated valve 1E12-F0048A(B).

f. Close the RiiR heat exchanger outlet motor operated valve 1E12-F0003A(B).

g. Open the RHR FPCC Supplement Cooling discharge manual valve ;

1E12-F0099A(B). j

O
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3.2.18.3 System Interface and Dependencies

The systems are dependent upon the.following electrical supplies:

EF+1-A (RHR A valves).
EF-1-B (OH40-C002A)
EF<1-D (RHR B valves)

(OM40-C0002B)
EF-2-D (OH40 C0002C)

3.2.18.4 Success Critoria

Any one veut path is considered a success. This system is the major input to
function Y. Full details of the development of this function fault tree are >

given in Appendix E,
,

s

,

t

.

O -'

,

;
.

>

ji, i,

! .

L

|. >

o
.

k

| :

h ;
,

.

LO
L

l-

|-
Page 3-75 .,

'

1, ?

._ ._ ._ -_ _ _ _. .. _ a . .._ _ . _ _ , _ _ . _ _ . . _ . . . . _ , __ _ _ _,_.



- - . _

3.3 SEQUENCE QUAffr1PICATION

3.3.1 LIST OF CENERIC DATA

NUREG/CR-4550 (Drouin, 19E vas adopted as the primary cource for genericdata. A reviev of the data _seo in this study sas made against other sourcesof data (11U5 BVR Generic (NUS, 1982), NUREG/CR-1363 (Miller, 1982),14UREC/CR-1740 (Trojovsky, lab 4), NUREG/CR-303) (Rahl, 1983), IEEU-500,VASH-1400 (NRC, 1985), GESSaR 11 (CE, 1982), and Ruosheng PRA, (AEC, 1985))
to establish that NUREG/CR-4550 data are of the same ordet of magnitude.Since the data contained in NUREG/CR 4550 are a compiletion of many soure 1,review of the base documentsa vas also made, when possible, to verify the
data being used and to assist in establishing component boundaries foi use insysten modeling. Por those components not contained in NUREG/CR-4550, otherr;ources of generic data vere used. For a very few components not described
elsewhere, aasumptions of similarity vete made to estimate failure rates.

|
3.3.2 !!LANT SPECIrlC DATA AND ANALYSIS

Because of the short operating history of Perry, insufficient data vas
available to provide a meaningful strtistical sample of failures upon which ;

to build a data base. It vas assumed that the greater population base of
i

generic data offered a better estimate of ftilure data than the Perry datathat was available. Perry failure values that vere based on zero or onefailure from a small population vere not used. Large components such as
Emergency Core Cooling Pumps have not experienced failures at Perry to date,
Generic failure data vas used for thew components. The diesel generators do
have a failure history for some modes of failure. This history was analyzed
to estimate a failure rate for the diesels.
Due to the variance ot system unavailability from testing and maintenancefrom plant to plant. Perry Unit 1 documents were used to determine
unavailab1]ity of the Emergency Core Cooling Systems and the Reactor Cote
Isolation Cooling system due to testing and maintenance.

legnormal distribution was assumed for nearly all of the data contained inA

NUKEG/CR-4550 and other documents exand ned . This distribution was alsoassumed 40r the Perry specific unavailabilities and failures used.

Table 3.3.2-1 presents the basic event data used in the Perry IPE. The table
;

is sotted by component.

3.3.3 HUMAN FAILURE DATA (GENERIC AND PERRY)

3.3.3.1 Introduction

The objective of the human reliability analysis (HRA) is to provide estimatesof the probtbilities of the human interaction basic events included in the| Perry Plant IPE logic model, in general, human interactions c :nsidered for
inclusion in a PRA can be divided lato three general classes according to thei

| time phase in which they occur.
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1

Type __A His arise before an initiating event, when plant personnel can affectO availaWITty and safety of the plant by inadvertently leaving equipment
!
.

disabled following test, maintenance and calibration activities.
1 T,vpe B 111s are those liIs that result in, or contribute to, initiating events.Examples ares plant trips following mistakes during testing, failures tocontrol feedvater leading to plant trip, etc. Type B events are almost Iinvariably incorpsrated implicitly in the initiating event ftequenciesobtained from plant operating experience.

B HIs has been included in~this study. No explicit consideration of Type

Type C HIs cover a vide range of apecific actions following an accident.'

There are two sub-categories of Type Cs (1) operator action performed in
respoise to an Emergency Operating Procedure (EOP), including manual backup,

on- failure of automatic initiation of systems, and (2) recovery actions in
,

response- to unavailability of a safety function that failed -because of ;equipment, malfunction. Events in the first sub-category (Type CP) can either
appear -as headings 3n the -event trees. or as basic events in system or '

functional fault trees, while recovery actions (Type CR) are addressed at-the
accident scquence cutset level.

'

The major effort in this study was the analysis of the Type CP events, and
this is discussed in Section 3.3.3.3.,

-

.

3.3.3.2 Ple-Initiating Event Human Interactions ;

.

:L
Miscalibration of sensors leave an instrument channel such that it cannot,

actuate a given system as required. Common cause failure of actuation due tomiscalibration was also considered. The potential for common cause
,

'

miscalibration of multiple sensors of a given type or function due to human
interaction was characterized as one tenth of the sensor failure probability.

The potential for incorrect system conf,iguration following maintenance or
surveillance was reviewed by verifyint; that the performance test vould reveal |
an incorrect configuration fault. For the Perry IPE, restoration f aults were
not postulated for those systema or components with readily availule control
room indication of._inoperability and bypassed indication, with daily position
verification, or with administrative control for locked valve positionverification. Vith these Type A guidelines, restoration faults vere modeled
for_only the non-safety systems. ;

3.3.3.3 Post-Instiating-Event Human Interactions

he plant logic model, the event trees and fault trees, vere constructed to
include human interaction basic events. For inclusion in the. event or fault
trees, _these-events are adequately d9 fined in terms of_the failure mode they ,

'

represent e.g., operators-fail to depressurire the reactor following a lossof high pressure injection. However. in order to quantify these events,
i;e.. estimate their probabilities, it is essential to define them in greater
detail. For example, it _is necessary to understand what cues and procedures
the operators use to guide them to perform the required function, what they
have to do to successfully accomplis! that function, the-time available, andO other factors that might influence their probability of success or failure.
These factors all ~are scenario specific. The first step in the HRA vas, -
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therefore, to define the events as clearly as possible in preparation for the
quantification. This was done by stidying the scenarios to which the human
interaction events contributed, and understand, among other things, the timeline of the events.

Another fun: tion of this step of the HHA task is an identification of
potential dependence between the human interaction events that occur in themodel. Functional dependencles of the type. "if event A occurs, event Bcannot be successful," are handled in the overall structure of the model,i.e., they are hardvired into the event tree structure. Vhat is princip811yof concern here is the 4.nfluence of success or fHlure in a preceding event
on the probability of success et failure of another event. There are avr.rie ty of reasons why the events may be probabilistically dependenti oneinipor tan t issue is that the cognitive processes needed to recognize the need
for multiple actions may have common elements. Te ass 2ct in the

,

identification of such cognitively correlated HIs, the following groundrules
ate adopted:

(a) If tvo HI events are associated with cesponses to the same plant status(e.g, initiate HPCS pump, initiate RCIC on failure of auto initiation at
Level 2), the cognitive part of the failure probabilities are considered
to be tota]Iy depende.1t.

(b) As a corollary to this, if, in .he chronological development of the
scenarios, an HI failure event follow a successful HI, and the proc (dural
instructions for both events are closely related, the cognitive failure gprobability of the second HI should be very small and can be neglected. Tsince the success in the first event implies a successful recognition of
the scenario.

(c) If human interactions are 1) separated by a significant time (i.e., time
between cues or required responses is long), or 11) separated
chronologically in the sequence by a successful action, at lii) responses
to different cues in different parts of the EOPs, they may be regarded as

-

being independent.

(d) In addition, the easily memorized responses may be regarded asindependent from these actions for which the procedures are expected to
be providing the direction.

Other types of dependency, such as in<. fact that performing one function may
take resources avay from another it, also consicated by addressing, in the
evaluation of the HEPs, the role of crev personnel, both in performing the
actions called for, and in recovering from failure to execute correctly.
3.3.3.4 Quantification Approach

The model of human interactions used for the evaluation of a human error
probabilities is the simple one that rplits the response into two components,
a detection, diagnosis and decision (DDD) phase and an execution phase. This
is co,npa tible with the ASEP methodology (Svain, 19E7), the more recent EPFI
proposed methodology (EPRI, 1991), and the HRA Handbook (Svain, 1983), all ef
which vere used in the quantification. Reference is made to these documento
for details.
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O For the key time-critical human interactions, the time-reliability curveapproach of the EPRI metholodgy (EPRI, 1991) vas used to estimate the
probability of failure in the DDD phase. The alternate approach of the EPRI
methodology was used to evaluate the HEPs for those His considered dependent

the time critical HI or which are not time critical. A simplified THERP
on

or- ASEP approach was used to estimate the HEP for the execution phase. Thedetalis can be found in Appendix D. It should be noted that thequantification vas performed on a sequence by sequence basis to more,

completely address the dependency issues.
4

The HEPs are given in Table 3.3.3-1.

3.3.4 COMMON CAUSE FAILURE DATA

The ~>

common cause fallute analysis vas performed following the generalguidelines of NUREG/CR-4780 (Hosloh, 1988). Stages 3 and 4 of the analysisrely on the existence of a data base that provides detailed descriptions ofhistorical events related to both single as well as multiple component
failures.- :However since CCPs are rare events, very limited plant specificexperience of these failures is expected. Therefore, in this study, asrecommended in NUREG/CR-4780, industry experience, as reported in NuclearPower- Experience (Stoller Corporation) has been used to derive common causedata.- Since-the information in NPE is obtained primarily from LERs, itsvalue as a complete data base, reporting single as well as multiple failure,

O January the introduction of the nev LER reporting rules inevents vas lessened with
1984. Thus, only the data up to 1984 is used in the quantificationanalysis.

As part of this analysis, the current Halliburton NUS component failure database, which is based on the summary of information provided by the NPE event
reports vas modified to account for the Perry design. This data base
conteins _ an assessment of the historical events as they occurred at variousplants.. Due to the level of v> porting, it is not alvays easy to interpret or
assess the data objectively hevec in some cases events have been subjectivelyassessed.

_

The approach taken 3n NUREG/Ck-4780, of- recording the
interpretation in terms of impact veutors, was folloved in this study. There-interpretation of the generic events _ vith respect to the Perry plantresults in a pseudo-PNPP specific data base. The date analysis is described ,

in more i il in Appendix C2. >

.

In order to determine which CCF events contribute signif'cantly to the
overall core damage frequency, an importance analysis of the core damagecutsets was performed. The measure of significance adopted vas the

-

Fussell-Vesely importance measure and a beta factor of_ 0.1 was used in the ;

initial modeling-of common cause-faltures. ' Events where importance measures
-

resulted -in a contribution to core damage frequencies of greater than 0.1% '
vere included as significant.

i

On the basis of the above criteria the following CCFs were analyzed in

O
_detailt ;

- ESV motor operated valves (ESHVCC)
- Diesel generators

(DCDGCC)
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- ESV motor driven pumps (ESMPCC)
- ECC motor driven pumps (ECHPCC)

The CCF probabilities used for each of the components is shovn in Table3.3.4-1. For all the events not analyzed in detail the screening values vereretained in the final analysis.

3.3.5 00ANTIF] CATION OF UNAVAILABILITIES OF SYSTEMS AND FUNCTIONS
't he Perry IPE vas performeu using a linked fault tree approach as describedin NUREG/CR-2300 using the NUPRA FRA votkstation. In performing n PRA inthis manner, the functions defined by the event tree headings are the main
building bloch of the quantification process. The quantified functions can
be used to detbrmine the overall contribution of a given function Lailure,
such as decay heat removal, to cure damage. Each function is representativeof the failure of one or more front line systems and/or human at:tions.
Support systems are linked into the front line systems they support.

,

A Elvenfunction or combination of systems may be quantified several times to teflectdifferent boundary conditions as the result of different initiating events.
The results of the quantification of each function are summaticed in Tabic3.3.5-1. The quantification process and the results are presented is$ detailin Appendix E of this report. The individual systems vere quantified in thecourse of development of the fault ttees.
individual system analysis flies. 'the results are reported in the

3.3.5.1 Sumrary of function Quantification Process_

The accident sequence analysis task identifies safety functions that must beprovided in order to prevent core damage folloving an initiating event. Thefunction is defined by the sys te.nr success criteria, the mission time,important operator actions, and any sequence specific equipmentunavailability, environmental, or phenomenological conditions that existfollowing a specific initiating event. The combination of the above used todevelcp the functional fault tree for a given initiator are first combined
and linked vitn the appropriate support systems. In order to avoiddeveloping a separate fault tree for each conditien in which a system is
tequired to respond, a "svitch" known as a " house event" is used to svitch in
or out various sections of the system fault tree for each condition. A houseevent Basic Event Data (BED) file is
This defines the status (on or off) ofconstructed for each initiating event.

,

each house event for that initiatingevent.
All the house eventa and combinations of house events are describedin Appendix E.

The functional quantification process is very sttaight forvard. The
appropriate f a .il t tree (s) for the frnction of intarest are updated agatnstthe house event file appropriate for the initiator of interest. Thisupdating vill turn on or off-gates as requ! red. The '31c tree is thensolved and quantified using appr'priate truncation values. The result is a
Boolean equation which is used in the n-gerne qua nification as well asgiving s quantified value for that f unc t i or. . Seine functions may be singleevents and vould not require this procus. A lull descriptions of thequantification of all functions is gis n in hppndix E.
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h3.3.5.2 Summary of Function Unavailabilities
O

The functional unavailabilities are shown in Table 3.3.5-1. This table
identifies the function and describes the success criteria. Each function is
named after the function identifies in the event tree. For example, the
function U1 represents failure of High Pressure Cote Spray (HPCS). In theevent tree' it is found that HPCS is required for a number of sets of
conditions. Thus the functions are identified as |101, U102, U103, etc. Thei function used in each sequence of each event tree is printed on the
exact

-event tree and developed in Appendix E.'i )
!c,

I
3.3.600ANTIFICATIONOFSEQUENCEFRE00Et(C1,,ES_

f

'

,

i This section vill describe how the quantification of sequence frequencies was ;

-accomplished. The methodology is dircussed and a brief explanation of the '
:

comF%ser code modules used to perform the quantification is given. The full
quantification documentation and detailed quantification of an examplesequence is given in Appendix F.

Sequence frequency-quantification'is accomplished by merging the combinations
!of failures for each function resulting from the quantification of the

function unavailabilities (Section 3.3.5) as determined by the event tree ;
~

- structure- (Sections 3.1.2 and 3.1.3)i The event tree defines core damage
.sequences, transfer sequences and non-core damage sequences. The NUPRA '

Work was used to perform the task of sequence quantification. TheO non stationdamage sequences (Status categorized as OK) are shown on the eventcore
trees for convenience,1but are not quantified since their results have no

. application. These non-core damage arequences vill not be discussed further.

3.3.6.1 Initial Quantification of Seguence Frequencies
i

Each core damage sequence is quantified in a number of stages. In the first
:

-stage all the combinations of events contributing to each functional failure,and the initiating event, are merged to give a set of- combinations of
failures (known as minimal cutsets) which vill lead _to core damage. However,

>

in any.given sequence a number of functions may have been successful and,.

therefore, some of the combinations may not .be applicable as the particular i
,

,

'

piece of. equipment may have operated satisfactorily. If, for example, a
specific' electrical supply appears in both a suc.cessful-and failed function,
it. cannot. be both failed and successful. In the second stage, the

,

combinations of failures are compared with the successful functions and all
- ithe failure combinations which include components which are-operational are

removed.

In the third stage, the remaining combinations are compared with disalloved
n ' combinations ~_of failures. For~ example, a combination of both Division 1 and
j. Division .2 diesel generator in maintenance is not allowed by the Technical
j - Specifications. .These disalloved combinations are removed. ,

|

| - The ; final-list of combinations (cutsets)-represent the contributors to core
damage, and the sum ~of the frequencies of all the combinations in a sequence, .

t - ,
'

a represents the uequenck core damage frequency. ,
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The PRA code NUPRA vas used to perform the quantification in the followingmanner.

The HUPRA Sequence Function Equation Assignment Module vas used to
automatically generate quantification control Onurge) Illes for each sequence
in each page of

the event trees based on the event tree construction andfunction assignment. This file is then used to autwatically perform thequantification of all the sequences in the event tre The cutoff selectedfor each sequence was a truncation value of 1.0 X 10^e '. The results from
system and function quantification used in the quantification of each

are in the form of equations containing the minimum combinations ofsequence
failure cutsets alx)ve, typically 1.0 X 10' . Then each sequence is
quantified automatically by merging the cutsets for each function.

The event tree merge control files perform three processes for each core
damage and transfer sequence. The first process is to combine all the
function equations for each failed function with the initiating event
function equation using Boolean binary conjunction, NM, logic. The second
process is to delete the functional successes by comparing the cutset
function quation for each function which is a success in the event tree with
the combined cutsett for .all the failed functions using Boolean binary
subtraction of each basic event that is successful. The remaining cutsets
then represent the failures which would contribute to the sequence.

The third prneess is to modify the sequence equation and printout files to
take account of Technical Specification limitations, to delete successful
function cutsets for the transfer terpences or to correct the value for
success branches of event trees wNn single basic events of the failure,

branch is greater than 0.1. Each of tnese actions requires editing of the
merge control file for each of the event trees as described in the followingparagraphs.

Technical Specification, Limiting conditicns for operation prohibit certain
redundant equipment from being inoperable during power operation. A fault
tree, DAM, was created to provide cutsets which represent disallowed
maintenance combinations based on Technical Specification. This fault treewas then quantified to give a cut set equation of all the disallowed
combinations. The cutset function equation for disallowed maintenance,
DAM.t0N, was used to perform Boolean subtraction from every sequence by
adding a step in the quantification of each sequence in the event tree mergecontrol files.

Transfer sequences were used as the initiating event frequency for several of
the transfar event trees. The segt eace equation files were used as inputdirectly to these transfer event trees. For example, the Station Blackout
event tree B used Loss of offsite Power sequence TlS39 as the initiating
event frequency. Each of such transfers in shown on the appropriate event
tree. All the successful functions from the tree from the sequence is
transferred here to be inserted in the merge control file for the transfer
time, i.e. all success function sequences TIS 319 have to be included for each.

sequence in event tree B.

When the failure probability of a function is greater than 0.1 then the
branch approximation of 1.0 is no longer valid. WPRA always uses asuccess
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success approximation value of 1.0. To compensate for this approximation allO 1

success paths for functions which .contain a basic event with & failure
probability of greater than 0.1 were multiplied by the complemnt of the '

function failure rate. '

After this final processing, the sequence equation files and the requence
printout files were then ready to be uced to determine total-core damage
frequency or as input for back end analysis.

.

We event tree merge control files were named using the corresponding event
,tree name with OCL as the file name extension. For example, for Large LOCA '

(event tree A) this would. be A.OCI. The output from the quantification
consists of two files, one output file is the sequence equatinn file which
contains 'all of the cutsets which are greater than the truncatinn ';alue. It
should be emphasized that this file contaig only cutsets and no data or ;cutset velues. A truncation of 1.0 X 10- was used unless the equation . ~

resulted in greater than 5,400 cutsets. hen a slightly higher truncation iwas used which would result in less than 5,400 cutsets. '

Another output file is the sequence Printout file which contains the desired
number of cutsets (usually 50) ranked in order of magnitude using data in the
data base at the time of quantification. Appendix r contains the first page
from the printout files for
frequency greater than 1.0 X 10'yvery cequence resulting in a core damageThe sequence file names are the same as.

the event tree names in combination with the sequence number. For example,sequence 4 of the Large LOCA event tree would be AS04. The equation files-

have -a file name extension of EON and the printout files have a file nameA
.

extension of MGP.
,

he quantification of an example sequence is fully described in Appendix E. '

3,3.6.2 Summary of Quantification

The sequence quantification described in the previous section was performed
for three sets of event treest the first to give the core damage frequency
from internal initiating events, the second to give the plant damage state'

frequencies for use in the quantification of the source term release
frequencies and the third to give the conditional core damage frequencier, forinternal flooding ~ initiated . events. The location in this report of
information on the results and detailu of the quantification are as follows:

.

-Internal Events Section 3.4 Appendix r
Plant Damage States- Section 4.3.4 Appendix H

-

Internal ~rlooding Jection 3.3.7 Appendix G

3.3.7 INTERfEL FLOODUKi

3.3.7.1 Introduction
5

The ; objective of the analysis reported here ic to estimate the centribution
' -

-

of internal plant flooding to_ core damage and fission -product release|1 categcry frequencies at PNPP Unit 1.
' ,
,

|-
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Internal plant flooding encompasses the effects from the accunulation,
spraying or dripping of fluids arising from the rupture, cracking orincorrect operation of components within the plant. In practice majorinternal floods hhve occurred in nuclear power plants, for example, from the
rupture of pipes, valves and expansion joints as well as from operator errorsduririg plant maintenance activities. All potential internal flood sourcesand causes are considered in this analysis, including those that result in

<

loss of primary or secondary reactor coolant outside the containment (i.e.,
interfacing WCAs or steam line b.taks with failure to isolate).

Internal floeding like other so called " external events" merits consideration
a potentially significant risk contributor because of it's potential foras

common cause equipment failures and/or human actions which may result in an
accident initiating event (e.g., loss of Main reedwater) and loss of one or

-

accident mitigating systems. The detailed analysis of such events ismore
very plant specific, since their likelihood of progression and subsequent
impact on plant systems is highly dependent on factors such as layout, pipingarrangements, drainage as cell as the prevailing flood protection featuresand programs. Purthermore in evaluating the frequency of flood indaced
accident sequences the probability r'f coincident random equipment failures
and operator errors must also be taken into account.

In theory at least, the risk frem all flood sources anywhere in the plantcould be assessed in a detailed reslistic marner. Ilowever this isimpractical due to the large numaer of potential flood sources, and
unnecessary since floods in many areas can be shown to be insignificant
contu.butors by simple bounding arguments and analyses. For the sake ofefficiency the analysis was performed in two levels of detail. At the
conclusion of the screening analysis some plant areas (or pa' & 1lar flood
scenarios) are determined not to be significant while others .r + .ingled out
for further analysis. Plant specific information required to esaluate the
innact of flooding was obtained mainly from the Appendix R safe shutdown
submittal PNPP USAR, panel and conduit layout, general arrangement and piping -drawings and P& ids. Previous floeding cnalyses were also reviewed. Inaddition information obtained during plant walkdowns and in discussions withplant staff proved invaluable.

The flooding analyais is fully described in Appendix G and a summary of theresults presented in this section. The screening analysis described in
section 3.3.7.2, the detailed analysis in section 3.3.7.3 and the summary andconclusions given in section 3.3.7.4.

<
3.3.7.2 Screening Analysis

3.3.7.2.3 Designation of Independent rlood Areas

In this sub-task various areas of the plant are designated independent with,

respect to sternal flooding. An area is termed independent if floodingy outside the-area canrot intrude into the area without the failure of anh enclosing flord barrier. Conversely, in the absence of a flood barrier,
flooding in an independent area will not be the direct cause of failures
outside the area. The concept is useful because it will allow the analyst todefine the extent of common-cause failure c'.tributed to a particuler flood,and to assign frequencies to the flood.
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The physical layout of the plant buildings together with the location and
size of potential flood sources is considered in determining the independenceof an area. These areas can be easily identified as independent with respecti to internal flooding because they are distinct structures with only a few
interconnecting pathways. These interconnections are generally in the form
of personnel or equipment access ways or, in some casr chared drainagesys ten.s . A review of the plant design 'a performed 'ntify designfeatures (such as watertight doors, check valves in com,s cainage lines,
and differences in floor elevations between buildings) t w tend to inhibit
any significant propagation of water from one building to the other. Other
factors that may contribute to the independence of an area are physicalseparation, and equilibrium flood heights compared with the lowest elevation
of any opening in a flood barrier.

-

For plant structures containing safety related equipment the areas of
independence were defined as smaller areas within a larger independent area,:* possible, these areas were def17ed such that they contain components
pertaining to a particular mitigating system. It should be noted that even *non-watertight doors may, under certain circumstances, be regarded ask effectively providing indeper. dance; for example, a door in a stairwell will
funnel virtually all water flowing down the stairvell to a lower elevation.
Thus, the elevation to which the door provides access will not be susceptible
to significant amounts of water inflow from a higher elevation, even if the
stairwell door is not watertight.

G 'In considering the possibility of flood barrier failure, the failure modes
till include: Mrational errors te.g., watertight doors or hatchways left
open) leakage tc. cough unsealed door', and door failures due to hydrostatic
head. Building gaps (rattle spaces) uere also considered.

In general, the collapse of walls or leakage through construction joints werenot considered to be important, fAlthough there have been instances of
-

leakage through wall seams, the leakage rates have been minor and easily
-

accommodated by installed drainatje syntems.) However portions of the TPC/CDB
building will involve collapse of a wallboard stairwell daring cire waterflooding.

3.3.7.2.2 Evaluation of Bounding riood frequencies

For the purpot.e of screening, flod frequencies are generally determined on
the basis of US plant experience from significant incidents reported in
Nuclear Power Experience (NPE) (Stoller Power Inc., 1990). However, because
of incomplete event descriptions and differences in plant layout and flood
sources, this data was applied in a conservative fashion.

Note that this approach is appropriate for screening, since it encompasses
all flood sources and no information on flooding rates is required at this
stage.

3.3.7.2.3 Ideritification of Plood Indued Initiating Events
and Mitigating System Damagn

For each area in which a flood can occur, it is necessary to examine the
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flood susceptible equipment to detestmine which of the initiating events Idefined in the internal events study ray occur and which accident mitigatingsystems may fail. Generally all electrical equipment is assumed to be
susceptible to damage except junction boxes which have a double heat shrink
wrap covering and cable raceways. In the screening analysis susceptible
equipment is assumed to be damaged giver. that a flood occurs in an area or
propagates to it unless damage can be easily ruled out on the basis of an
inadequate maximum flood height and minimal possibility of spraying. Flood
propagation is assumed to occur if a given pathway exists, unless it requires
the failute of a physical barrier whore failure probability is indeperdent offlood height, In this case propagation will be assumed to occur with a
probability equal to the probability of the barrier failure.

In certain areas it be possible for floods to cause more than one type,

of transient (floods are not usuallf capable of causing LOCAs). Since the
-

objective of the screening analysis is to be conservative the most severe
transient is assumed.

3.3.7.2.4 Summary of Screening Analysis

The results of the screening analysis are summarized in Table 3.3.7-1. Thistable 3dentifies each of the independent areas, the flood frequency and theestimated core damage frequency. Of the 36 areas six areas are identified asrequiring detailed analysis. The estimated core damage frequency from each
of the other areas is below 10'' using the conservative assumption that all
equipment in the area is damaged immediately on occurrence of the flood. The &six areas selected for detailed analysis are: W
Zone Description

1 Turbine Building
13 s

Lowest Level Control complex
17

-

Second Level in Control Complex
Auxiliary Building Cotridors - lowest level

-

8
16 Auxiliary Building Corridors - second level
lA Steam Tunnel

3.3.7.3 Detailed Flooding Analysis of Designated Areas

3.3.7.3.1 Definition of Flood Damage States

Following a flood incident, damage to some equipment in the local vicinity
may occur immediately, due to spraying and dripping. However, for a flood

of reasonable size, much of the equipment will not sustain damage untilarea
the flood level rises ta a critical level (e.g., for switchgear room MCCsthis is generally 6" to 1 ft). Likewise flood propagation to an adjacentarea mau not occur until the flood 3rvel rises above a curb for example, and

f then at icnal time will be requited before the level reaches a critical
height in that area. Therefore, there is usually a basis for defining a setof distinct flood damage states, each corresponding to a progressivelyir. creasing severity equipment loss. Each flood damage state is therefore
defined in terms of the time at which it occurs after the initial flooding
incident together with a set of accident mitigating systems which are
damaged. Subsequent analysis then predicts the frequency of each flood
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damage state and the conditional core damage frequency given it does occur.

The growth (or rate of rise) of flood level is then determined by taking into
account the flooding rate, the free cross-sectional area of the flood area,
and the capability of the drainage mechanisms (floor drains, and leakage
pathways to adjacent areas under doorways). In soms cases an equilibrium
flood height is established when the outgoing flow through the drains or
under doors equals the flood rate. Flood growth may be halted at any time
either by automatic or operator action leading to isolation of the flood
source, or by exhaustion of the flooding source itself. Factors considered
in evaluating the probability of suppression include: the means of detecting
occurrence of the flood (alarm, area occupancy, etc.); the means of detectingand isolating the specific source of the flood, the time available for the
cperator to isolate the flood source before equipment damage occurs and

--

applicable flood procedures and operetor training.

3.3.7.3.2 Flood Growth Event Tree

The individual riood Damage states att determined by developing flood growth
event trees for each of the floods in each of the flood areas identified inthe screening analysis. In order to more accurately estimate the effcets of
flooding in an individual zone, the tlood rate is divided into three groups,
severe, moderate, and small. The basis for this is fully described in
Appendix G. The trees then consist of the flood initiating event m ..dfrequency) and the various stages of the containment of the flood. The
stcpping of the flood at a given stage will lead to a flood dhmage state in '

O which a given set of equipment is damged ar.d therefore unable to prevent
core damage. The defined flood damage states and equipment affected for the
floods in each of the above areas is shown in Table 3.3.7-2. Also includedis the conditional core damage f repency, that is the probability of the ,

random failure of the remaining ECCS equipment not already failed by theflood.

3.3.7.3.3 Results of Flooding Analysis
..

The core damage frequency as the result of flooding is estimated to be 1.5 x
10' ' . The contribution from flooding in each of the most significant zones
is shown in Table 3.3.7-3 and Figure 3.3.7-1 and discussed in the following
paragraphs.

Zone 13 Control Complex Elevation 576'j0"

The core damage frequency # rom floods in this area is 8.8 x 10"' per year
which is 57 percent of the total contribution from flooding. This zone
consists of a large open area at the lowest level of the control complex.
Principle equipment in this area is the control conplex chilled water pumps
(CCCW), emergency closed cooling pumus (ECC), and the instrument and service
air (IA/SA) compressors. Failure of the IA/SA occurs at a flooding level of
1 ft and the ECC and CCCW 22" above the floor defining the two plant damage
t,tates .

The severe flood rate was defined a'. 105,000 gpm based on floods from the
Oo service water 30 n and 42 in pipewcck. The moderate flood was defined as

35,000 gpm and the srall flood as 16,000 gpm.
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flood in this area is assumed to lead to loss of instrument air initiating
A
event

and eventually failure of the helt system, low pressure injection andloss of containment heat removal. The Icw pressure systems are lost as aresult of loss of ECC. As the low pressure systems are not failedimmediately, there is time to restore low pressure injection via one of thealternate injection paths.
RCIC fails as the result of flow under the doorto the Unit 1 auxiliary building and flooding of the RCIC local panel.

The largest contribution
comes from the medium flood (29%) followed by asmall flood (18%). The frequency of a severe flood is low so the total

contribution from this flood is approximately 10%.

Zone 17 Control Complex 599'
-

The core damage frequency from floods in this area is 3.2 X 2 0''which is 21 per cent of the total contribution from flooding. per year
The source ofa severe flood in this zone is the service water piping in the Nuclear ClosedCooling (NCC) heat exchangers.t

A flood in this area wmAd flow through doorsand down to zone 13 with the same consequential damage. The doors to the
stairwell swing open and would therefore fail before the swing closed doubledoors to zone 1B.

NCC is assumed lost in zone 17 as the result of the loss
of SW cooling, NCC equipment and cooling to the instrument air compressor areaffected in the co;rse of the flood.

The impact of the flood is the same as that for area 13 however the floed
frequencies are lower as the contribution from the moderate, small and severe
floods are 11, 6 and 4 percent respectively.

Zone 1 Turbine Building and Turbine Pawer complex

The core damage frequency from floods in the turbine building and turbine4 power complex is 2.8 X 10'' per year which is 18 percent of the totalcontribution from flooding. The major sources of water considered in detail
^

in
the turbine building are the circulating and service water systems. Allother sources were assumed capable of only causing a small flood and

therefore the frequency of such floods -was based on general industryexperience.
In order to obtain an understanding of the impact of floods in

this area the major flood sources were broken down into the followingsubgroups: floods from pipework in the turbine building, floods from the
'

expansion
joints in the circulating water system and floods from circulating

water pipework in the Turbine Power coraplex, where it passes through the eastand west side rooms.

The three damage states of concern in the turbine building are (1) 3 to 5 ftabove the 574'10" floor level which will fall the hotwell and condensate
booster pumps (2) the 593'6" level at which the preferred alternate injection
pumps (condensate transfer) will fail and (3) the 599' level at which thedoor to the safety related auxiliary building is located.
Failure at the first and second damaae level will only fail equipment in the
turbine building and therefore do not make a significant contribution to coredamage.

For any circulating water flood in the main turbine building the
third level cannot be reached with the initial inventory in the system and
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O basin, therefore a severe flood will not reach level 3. The only possible
f] way for this level to be reached is for a relatively moderate or small cire\

water flood to slowly *ill the heater bay and turbine power complex while the
basin make-up system adds water to the basin. Floods will only reach the
third stage following failure of flood logic and very delayed operatoraction.

In the turbine power complex the CW teturn header passes through the east and
wests side rooms at the second finor level. An estimated flood rate of
750,000 gpm is postulated if a gross rupture of the pipe occurs. There are
no large valves or expansion joints in the area. It has been assessed that afull pipe rupture in the east side room would collapse the wall board
stairwell to elevation 568 west room which quickly fills. The double doorfails at elevation 568 to the larger west room but the level continues to
rise until the level in 593 east rises to the top of the auxiliary building
door at elevation 599 at which point the door is assumed to fail. This is
estimated to occur 73 see after the pipe rupture.

For gross rupture in the west side, it the west side elevatos door fails
inward before 13ft level of water is achieved (top of door to auxiliary
building) downward flow of water through the elevator shaft will fill the
lower level. Two doors to the turbine building and the elevator door on
elevation 577 will open and allow the water into the turbine building where
the flood alarm and isolation switches will activate to isolate the floodbefore the flood causes failure of the door to the auxiliary building at the599 level.

hv As the result of the frequencies of the various floods the highest
contribution to core damage comes from floods as the result of a small
expansion joint failure (111) followed by floods is either the turbine power
complex west or east rooms (3% en:h). The remaining floods contribute
approximately 2% to the overall flooding CDF.

Zone-8 Auxiliary Building Elevation 568'

The core damage frequency from floods in this area is 2.8 x 10" which is
approximately 2 per cent of the total contribution from flooding. Floods inthe auxiliary building basement level corridors will not directly affect the
ECCS systems as each of the 6 rooms is protected by a watertight door.
However, all the local panels are mounted in the corridor at the 568 ft level
with the exception of the HPCS panel at the 574 ft level. The major flooding
sources within the zone are the energency service water and condensate
transfer. Flooding will }ead to the '. css of the ADS permissive, which can bybypassed by the operator in the control room, and loss of the RCIC due to
multiple trips from flooding of the local panel.

If the flood is not isolated then eventually water will build up and flood
under the door gap into the control explex zone 13 with consequential damage
to equipment in that area. The time available for flood isolation is such
that this is not a significant contributor te the overall core damage
frequency from flooding.

f
(
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Zone 16 Auxiliary Building Elevation 599'

The core damage frequency from floods in this area is 1.1 X 10'' which is
less than 1 per cent of the total contribution from flooding. Floods in this
area were found to affect equipment on the floor directly below before a
critical height for cone 16 equipment would be reached; however water spray
could cause failure of the W CC chillers in the west cone area. Moreover asthe flood rates range from 16,000 gpm (severe) to 3000 gpm (small) the time
available to isolate the flood and the relatively minor damage early on
ensures that floods in this area are not a significant contribution to core
damage.

3.3.7.4 Sumary and Conclusions

Sequences leading to core damage initiated by internal floods conttibute
approximately 12% to the overall core damage frequency from internal events
and internal floods. The most significant sequence will arise from floods in
Zone 13 in the control complex at elevation 576 ft. The total contribution
from small, medium and severe floods in this area is 8.8 X 10-' on 7 per centof the total core damage frequency, which is less than the contribution from
either ATWS, loss of offsite power or station blackout.

is concluded that as the highest contribution to flooding in a civen areaIt

8.8 X 10~7is
, based on a number of conservative assump"tions and the overallcontribution from flooding in all areas is 1.5 x 10

improvements will be considered. no specific plant

O
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3.4 RES.ULTS AND SCREENING PROCESS, -- -

''

Core damage"for the Ferry plant Is defined in the USAR as follovst

1. The' maximum fuel element cladding shall not exceed 2,200'F.

2. The calculated-total oxidation of the cladding shall nowhere exceed 0.17
times the total cladding thickness before oxidation.

,'

3.-The calculated total amount of hydrogen generated from the chemical'

reaction of the cladding _vith water or steam shall not exceed 0.01 times-

the = hypothetical _ amount that vould be generated if all of the cladding *

metal in the fuel region of the core vere to react.

4. Calculated changes in core' geometry shall be such that the core remainsamenable to cooling. ,

5. After any calculated successful initial operation of the ECCS, the
calculated core temperature shall be maintained at an acceptably lov value
and decay heat shall be removed for the extended period of time required
by the long-lived radioactivity remaining in the core.

For 'the purpose of the Perry IPE non-ATVS sequences, this is translated to
define core damage.as occurring upon the onset of reactor pressure vessel:

(RPV) steam cooling, .at _ the Minimum Zero Injection Vater Level (HZIVL), given
. that a _high capacity injection system is not immediately available- to recover1/"'\1 core cooling. _For RCIC, injection recovery is assumed to be required by the1(_,/ top of active fuel (TAF) to avoid core damage. The definition of steamcooling- is consistent with that defined.in the BUR Owners Group Emergency

Procedure- Guidelines (EPGs). For ATVS sequences, core damage was assumed to
fuel. clad temperatures of 2,200'F as determined by the MAAP. computeroccur at

code.

'Although1 ~ these criteria.are slightly conservative, the analysis shows that
the : additional time available to recover cooling systems before serious cure.

~ degradation occurs is small and would not significantly lover the core damage
frequency. for the dominant sequences. . However, -in evaluating the frequency
of release of fission products, consideration has- been given to recovery of

Esystems and re-establishment of decay heat recoval capability prior to_RPV
failure or prior to containment failure. Thus, the slight conservatism in

--_the~ arbitrary definition of core damage has not been carried over- into the
frequency of fission product release.

LIn, this-section the results and screening process used te identify the core
' damage = frequency are discussed. Results associated with the level 2analysis, that is . contribution of sequences to the containment failure
frequency and radionuclide-source teta category frequencies, are summarized
in Sections 4.7 and 7.0,

3.4.1 Application of Generic Letter Screening Data

All of the event trees vere constructed with the headings representingO: functions combining one or more systems and operator actions. The following
_ _

E _ screening- criteria have been used for inclusion of the results in this
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seetion of the report. As many ef the functions are effactively single
the criteria for systemic sequences rather than functional sequences

systems

have been used.
,

1. Any requence that contributes 1 X 10" or more per reactor year to core
damage has been included in the summary of core damage frequencies byinitiating event. (Table 3.4.1-1)

2. Any sequence that contributes 1 X 10" or more to the total core damnefrequency, grouped by initiatot. (Table 3.4.1-2)

3. All sequences that are within the upper 95% of the total core damagefcequency. (Table 3.4.1-3)

4. Systemic sequences that contribute to a containment bypass frequency in
_

excess of 1.0 X 10'' per reactor year. (Table 3.4.1-4)

5. 2.ny systemic sequences that are determined from previous applicable PRAs
by engineering judgmant to be important contributors to core damage

or

frequency or poor containment performance which are not already includedin Tables 3.4.1-1 through 3.4.1-4.

6. All systemic sequences greater than 1% within the upper 95% of the total
containment failure frequency. (Tablen 3.4.1-11)

In order to meet the above screening criteria, the core damage frequency &calculations were performed using a truncation of 1.0 X 10"* for the Wsequence cutsets. Recovery actions were included after the initial
quantification by modifying the event trees. No sequences were cutoff afteradding the recovery Ections. Therefore, information was retained on allsequences that meet the original screening criteria of 1 X 10' .

The submittal guidance requires that all sequences that, but for low human '-

error rates in post operator actions, would have been above the applicable
damage frequency screening criteria be identified.core

By using an initialcut off three orders of magnitude below the basic screening criteria and noteliminating any sequences after applying recovery action, all such sequencesare retained and reported in Table 3.4.1-5.

3.4.1.1 Core Damage Frequency

The internal events portion of the IPE identified 21 core damage sequences
with an annual frequency of greater than 1 X 10'' contributing 86.3 percent
of the overall core damage frsquency (CDF). An additional 89 sequences with

point estimate frequency of greater than 1 X 10" ' per year contributing
a

the remaining 13.7 percent of the overall core damage frequency. Each
initiating event's contribution to thr: overall CDF is shown in Table 3.4.1-1.
The CDP results given, except where stated othetvise are point estimates.
The point estimate frequency of core damage is 1.2 X 10"
The combined frequency of the 89 sequences below the 1 X 10 p r reactor year.

cut off is less
than 1.4 X 10" per reactor yaar. An uncettainty analysis was performed to
evaluate the uncertainty on core camage frequency resulting from the
uncertainties on the patameter values of the core damage model. The
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W - cumulative distribution function for the core damage frequency as shown in(") Figure 3.4.1-1. _some significant parameters of the~ core damage frequency
:

-distribution are as follows:

Mean 1.4 X 10"
Standard Deviation 3.9 X 10"
95" Percentile 2. 5 x 10"
Median 1.1 X 10"
5" Percentile 6.2 X 10" '

The= difference between the mean value, obtained from the uncertainty
analysis, and the point estimate results from the correlation of the samples
of .the basic event probabilities that are based on the same parametric value ;
distribution. This is called state of knowledge correlation (Apostolakis and t

Kaplan,,1991).

On review of the cutsets it does not appear that the overall characterization
-of ':the safety of the plant in terms of the contributions and their relative
importance, would be significantly altered by using-the uncertainty analysis
for the estimation of core damage frequency. Therefore, the point estimte
results -are used in. the remainder of the discussion and interpretation of
results.' In_further support of this approach, it-should be noted_ that_the
point estimate values for the parameters have been chosen to be either '

realistic (when sufficient data are available) or conservative,

c - The summary of sequences grouped by initiator is shown in Table 3.4.1-2 and'/ those contributing.95 percent of the core damage frequency in Table 3.4.1-3.M The_ containment bypass sequences are given in Table 3.4.1-4.

The dominant accident initiating event type is t.nticipated transient without
scram :(Atws) at 40.7 percent. -Transients contribute 25.0 percent, station
blackout 19.3 percent, and loss of ofIsite _ power 12.4. percent. As_a complete
class, LOCAs contribute 2.6 percent. These results are summarized in Table

_

3.4.1-6 and Figure 3.4.1-2.

An event _importance analysis was performed on the overall core damage model.
Iw;-this analysis the relative importance of each basic event was calculated
with- respect to- three different measures. The three measures are
russell-Vesely,~ risk reduction, and risk achievement.

The dominant- basic events ranked in order by < russell-Vesely and risk
reduction measures are shown in Table 3.4.1-7. The russell-Vesely importance

_is ;a measure of the-contribution of the given component _to the overall core.

' damage -faquency by comparing the sum of all cutsets in which that basic
event' occurs with the sum of all cutsets. The risk-reduction measure shows-
the: ratio of the original core damage frequency to the_ reduced core damage
frequency if the component was perfect or its failure probability is zero.

.

? It should noted that the ranking of events by the russell-Vesely measure and
the risk reduction measure are identical so the highest ranked items for

' these two measure are discussed in the following paragraphs.
-

- v The most important basic event for risk reduction is the mechanical failure
~

of the control rods (CM) preventing insertion into the core given a signal to
L
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down the reactor. This is the single event following any transientshut
initiator which will lead to the AWS scenarios which in turn contribute 40.7
percent to the core damage frequency.

The second important basic event for risk reduction is the loss of offsite
power (Tl). This initiator leads to station blackout sequences (19.3
percent) and loss of offsite power (12.4 percent). Sequences following the
loss of offsite power initiator then contribute 31.7 percent to the core
damage frequency. The Fussel.'.-Vesely importance is 0.32 with a risk
reduction of 1.47.

Failure of the operator to maintain the power conversion system (PCS)
available (NSHICPEC5-2-LIT 3) for an AWS resulting from a transient with PCS
initially available or loss of feedvater transient, is the third most

important basic event. It has been assessed that the feedwater runback
leading to a loss of RPV level will result in closure of the MSIV in all

i cases. This basic event was set to 1.0 as the operators will not have time
to restore feedwater before MSIV closure. It occurs in the dominant
sequenc.9s of the IPE. This HI effectively becomes the transfer flag for
these events to the MSIV closure AWS tree (T2-C) based on the current

j feedwater design. The Fussell-Vesely importance is 0.27 with a risk
reduction of 1.38.

|

The initiating event transient with PCS available (T3A) in the fourth most
important basic event. This event contributes to the dominant AWS sequences
and has a Fussell-Vesely importance of 0.25 with a risk reduction of 1.34.

Failure of the operator to re-open the motor feed pump control valves or
manually depressurine the RPV ( NHICPEL-2-FDW-V) during an KIWS event
following a transient with a loss of PCS is the fifth most important basic
event with a Fussell-Vesely importance of 0.25 with a risk reduction of 1.33.

The initiating event transient with PCS not available (T2) is the sixth most
important basic event. This event contributes to the dominant AWS sequences
and has a Pussell-Vesely Lmportance of 0.23 with a risk reduction of 1.30.

The seventh important basic event is the failure of the operator to inhibit
ADS (ADHICPC5-1-ADS-0) for AWS scenarios where the feedwater system has
failed. The Fussell-Vesely importance of this basic event is 0.22 with a
risk reduction of 1.28. The failure to inhibit ADS in other sequences in
modeled by different basic events as they have different values. The

sensitivity of the results to this event is discussed in section 3.4.1.6.

The failure of the containment anchorage (CV05) is the eighth important basic
This is included in any sequence in which RPV injection is successfulevent.

but long-term containment heat removal fails. The Fussell-Vesely importance
is 0.15 with a risk reduction of 1.17.

ThisNon-recovery of offsite power in 3 hours (R15) is the next basic event.
basic event leads to sequences in LOOP and station blackout contributing 12.8
percent to the core damage frequency.

The Fussell-Vesely importance is 0.13

with a risk reduction of 1.15.
;

|
The failure of the 4,160 VAC bus EH12 is the next basic event. This basic|
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event can--fail all; equipment which requires division 2 power. TheO russell-Vesely importance is 0.12 with a risk reduction of 1.13. This
failure results in the failure to vent as the inboard FPCC isolation valve is '

powered from the Division 2 bus. In the event of failure of the Division 1
bus, the outboard FPCC isolation valve can be locally opened by the operator.

,

Of the next .six basic events in importance, four are failures of either the
Division 1 and 2 diesel generators to supply power or the non-recovery ofoffsite power. These basic eventt, contribute to both LOOP and station
blackout sequences.

Two of 'the. next eight basic events are failures to provide alternate
injection to the RPV via the fire protection system. The fire protection
system may be used when other alternate injection systems are unavailable due-

to non-recovery of offsite power.

Similar information was generated foi risk achievement. Risk achievement is
derived by calculating the core damage frequency with a given event failureprobability set equal to- 1.0. This is equivalent to determining the' core
damage frequency if the component is failed at the time of the initicting '

event. The dominant basic events ranked in order by risk achievement
measures are shown in Table 3.4.1-8.

The- dominant basic event as measured by risk achievement is the mechanical
failure of the cuntrol rods to insert into the core (CM). Assuming that the

- , control _ rods fail in an A7WS following all initiating events with reducedA
V systems available for RPV injection are the required reactivity.

-The next basic event is the common cause failure of the ECCS pump room
coolers- (EPFACCEPRCS). These coolers provide heat removal from the pumprooms. The common cause failure was assessed to be low enough such that
setting it to 1.0 would significantly increase its contribution to core
damage frequency.

The- third basic event in importance as ranked by Risk Achievement is the
failure of the Division 2 4160 VAC bus (DGBALClR2250006).. Failure of this
bus would cause a loss of all equipment powered from Division 2 including low-

pressure coolant injection, heat remaval equipment, and containment venting-equipment.

Common cause failure of the batteries (DCBTCC) is the fourth most important
basic event. As DC power is required for all systems a.3 the batteries are'

required for any station blackout event, the common cause failure of the
batteries is relatively important.

The next three basic events _are comon cause failures of diesel buildingventilation fans, dampers and louvers (DBMFCC, DBMDCC, and DBLVCC). These
components support the operation of the diesel generators and are required

,

following a loss of offsite power.

The initiating event for a Large LOCA (A) is the eighth basic event in risk
- -achievement importance.

:

--

of the next ten basic events ranked, 6 are common cause basic events. Common
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cause is very high in risk achievement because the redundant components arefailed at the same time. Setting the common cause basic events to 1.0
therefore significantly increases the core damage frequency.

3.4.1.2 Functional Failure Leading to Core Damage

order to evaluate the relative centribution of the failure of the various
In

systems or events, other than initiating events, to the overall core damage
frequency it is possible to group the core damage sequences by functionalfailures. The percentage contribution for the following functional failures
are shown in Table 3.4.1 9.

Loss of injection (Ul, U2, U3, V, V3)

Failure of decay heat removal (0, M)

Failure of containment heat removal (W, Y, Ws)

Loss of HVAC (Hv, CC)

Failure to testore offsite AC power IR, R1, R2)

Failure to depressurice (X)

Failure to inhibit ADS (X')

The sum of these events is greater than 100% as a number of the sequences
contribute to more than one category of functional failure. For example,
some sequences involve both loss of effsite power and failure of injection.

It can be seen that failure of injection, both high pressure and lowpressure, (68%) is the dominant contributor with failure to depressurize in
the event of failure of the high pressure injection systems a very smallcontributor (4%). This implies tnat the reliability of the ADS and
procedures associated with depressurization are satisfactory and little
reduction in core damage frequency would be achieved by improving them.

As anticipated transients without scram is the dominant contributor to core
damage, failure to inhibit ADS is a significant contributor to core damage
(25%).

Failure of containment heat removal or venting will lead to the so called W
sequences, that is sequences in which injection is successful but the failure
to remove decay heat from containment results in containment failure and
consequential failure of injection leeding to core damage. Contribution from
this function is 28%. The contribution from failure to recover offsite power
is 22% which reflects the fact that loss of effsite power and station
blackout event.s are also a relatively important contribution to core damage.
The failure of containment leading to core damage is also significhnt at 22%.

3.4.1.3 Dominant Accident Sequences

The top 15 dominant accident sequentes contributing 81 percent to the core
damage frequency are discussed in detail in this section. A complete list of
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p t.he sequences which contribute 1 percent or more to the core damage frequency.y[
..

and the dominant cutsets for each sequence is given in Appendix F.
;7 Sequence (T3A + T2)-C-U3-X' (T2-CS30)'

|Prequency 2.27 X 10~' Contribution 19.5%

A transient has occurred. The PCS may be lost either due directly to the
transient or due to subsequent conditions which may result in MSIV isolation.
The control rods fail to insert into the core and the reactor remains at
power. The motor feed pump has failed to inject into the RPV to maintain RPV
level; control. The operators have failed to inhibit ADS resulting in rapid
depressurization of RPV and injection of low pressure ECCS resulting in a
reactivity excursion leading to core damage.

The initiating event T3A (transient with PCS available) contributes almast3

three times as much to the' failure of this sequence than does T2 (transient
without PCS). 'This is due to the failure of the operators to maintain PCs
available:- for' an A'IWS scenario. Following the -initiating events T3A and T2
given the mechanical failure of the control rods, the dominant contributors
to this sequence are failure of the cperators to re-open the motor feed purrp
control valves and manually depressurize the RPV and inhibit ADS.-

Sequence T2-W-Y-Cv (T2SO4)

. Frequency 1.62 X 10'' Contribution 13.9%

loss of PCS transient has occurred with a reactor scram and tuccessful SRVA

operation- to maintain FFv pressure ccatrol. The motor feed pump has started
and is successfully maintaining high pressure RPV level control. The RHR

. system and venting have failed to provide long-term containment heat removal.
-Without icontainment heat removal the containment ruptures disabling the
injection path:from the motor _ feed pump and leading to core damage.

The _ dominant contributors to the failure of this sequence are. failure of the
injection path upon failure of- the containment and failure of 4,160 VAC
Division 2 Bus-EH12. The maintenance of RHR train A and the failure of.the
operators to align a. containment vent path :also contribute to the frequencyof this sequence.

Sequence T1-B1-Ul-Va-R'(BS24)

Frequency 7.71 x 10'' Contribution 6.6%
||

. A ~1oss of offsite power has occurred and the Division 1 end 2 diesel-
f ' generators 'have failed 'to provide onsite AC power. HPCS has failed to.

-provide high pressure RFV level control. RCIC has successfully provided high
pressure RPV level control for 3 hours at which time.the suppression
temperature limit of 185'F has been exceeded and RCIC fails. The operators
have successfully depressurized the RPV, bat the fire protection system has
failed to provide adequate low prescute RPV level control and offsite power.

, -was not_ recovered at 3 hours. leading to core damage.
'

dominant contributors to the failure of this sequence are unavailability; The
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of the fire protection system to proside alternate injection due to failure
of the offsite pumper, failure of the diesel fire pump to run, and failure of
the operators to align the fire protection system for RPV injection afterRCIC is lost.

Sequence TIA-Ul-U2-V-Va (TIAS14)

Fregt.ency 7.53 X 10" contribution 6.5%

A loss of instrument air has occurred with a reactor scram and succesGful SRVoperation to maintain RPV pressure control.
RCIC and HPCS have failed toprovide adequate RPV level control at high pressure. The RPV has been

successfully depressurized. With the RPV depressuri7ed low pressure ECCS
make-up and low pressure alternate injection have failed to provide RPV level
control leading to core damage.

The dominant contributors to the failure of this sequence are failure of the
operators to successfully align the reactor feed booster pumps or suppressionpool cleanup for altermite low pressure injection. Common cause failure of
Emergency Service Water pumps A and B, and other random failures of EmergencyService

Water trains A, B and C also contribute to the cote damage frequencyfor this sequence.

Sequence (T3A + T2)-C-U3-X' (T2-CS20)

Frequency 6.25 x 10" Contribution 5.4

A transient has occurred. The PCS may be lost either due directly to the
transient or due to subsequent conditions which may result in MSIV isolation.The control rods fail to insert into the core and the reactor remains atpower. The motor feed pump has successfully injected into the RPV but the
operators have failed to control RPV level. The operators have successfully
inhibited ADS but have subsequently failed to initiate standby liquid control
leading to core damage.

The initiating event T3A (transient with PCS available) contributes almost
three times as much to the failure of this sequence than does T2 (transient
without PCS). This is due to the failure of the operators to maintain PCS
available for an A1WS scenario.

Sequeuce T1-Ul-Rl-Ws-V-Va (RS20)

Frequency 6.04 X 10" Contribution 5.2%
i

!
loss of offsite power has occurred with a reactor scram and successful SRVA

'

operation to maintain RPV pressure control. HPCS has failed, but RCIC has
successfully provided high pressure RPV level control. At 3 hours RCIC ifailed due to failure of the Suppression Pool Cooling mode of RHR and

!

non-recovery of offsite power. The RPV has been successfully depressurized.
Low pressure ECCS make-up and alternate low pressure make-up have failed
leading to core damage.

The dominant contributors to the failure of this sequence are the failure of
the operators to align fire protection for alternate injection after RCIC
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g fails and the failure of the Division 3 diesel generator to start. railurei of the Division 1 and 2 diesel generators to start, the failure of the,

~'

offsite pumper to provide adequate low pressure alternate injection and the
failure of the diesel driven fire pump also contribute to the failure of this
sequence.

Sequence T1-B1-Ul-U2-R-Va (BS34)

rrequency 5.26 x 10-7 Contribution 4.5 %

A loss of offsite power has occurred and the Division 1 and 2 diesel
generators have failed to provide onsite AC power. HPCS and RCIC have failed
to provide nigh pressure RPV level control. Offsite power was not recovered
at 0.4 hours. The operators successfully depressurized the RPV, but fire
protection alternate injection failed to provide adequate RPV level control.

The dominant contributors to the failure of this sequence are the failure of
the offsite pumper, failure of the operators to bypass the RCIC isolation on
high steam tunnel temperature, rur.ning failure of the diesel fire pump,
failure of the operators to align fire water in a timely manner, and start
failure of the division 3 diesel generator. Start failures of the division 1
and 2 diesel generators also contributt to this sequence.

Sequence T1-B1-U1-R (BS17)

Frequency 3.36 X 10" Contribution 2.%,

.

A loss of offsite power has occurred and the Division 1 and 2 diesel
generators have failed to provide onsite AC power. HPCS has failed to
provide high pressure RPV level coptrul. RCIC has successfully provided high
pressure RPV level control for 3 hours at which time the operators have
successfully depressurized the RPV a/td aligned fire water as alternate low
pressure injection. The batteries feil at 7 hours and offsite pwer was not
recovered by 13 hours. There is no containment heat removal leading to
failure of the containment and subsequent failure of RPV injection leading to
core damage.

The dominant contributors to the failure of this sequence are maintenance and
starting failures of the division 1, 2, and 3 diesel generators.

Sequence T1-U1-U2-Rl-V-Va (US29)

Frequency 3.34 X 10" contribution 2.9%

A loss of offsite power has occurred with a reactor scram and successful SRV
operation to r.aintain RFV pressure centrol. HPCS and RCIC have failed to
provide successful RPV level control at high pressure. Offsite power was not
recovered by 0.4 hours, but the REV has been successfully depressurized.
Depressurization may be delayed unti.' the M IWL is reached dependent on the4
injection system alignment. With the RPV depressurized low pressure ECCS
make-up and fire protection alternate injection have failed to provide RPV

(q level control leading to core damage.,

'

/

The dominant contributors to the fai'.ure of this sequence are failure of the

i
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division 3 diesel generator to start and maintenance of residual heat removal
train A, LPCS, and RCIC. Failure o'i the offsite pumper and failure of the
operators to align fire water in a timely manner, and failure of the RCIC
turbine driven pump also contribute to the core damage frequency for thissequence.

Sequence (T3A + T2)-C-U3-X (T2-CS28)

Frequency 3.12 X 10-' Contribution 2.7%

A transient has occurred The PCS may be lost either due directly to the
transient or due to subsequent conditions wnich may result in MSIV isolation.
The control rods fail to insert into the core and the reactor remains atpower. The motor feed pump was not successfully placed into operation. ADS
inhibit and standby liquid control ute successful, but depressurization of
the RPV by the operators was unsuccessful resulting in core damage.

The dominant contributor to the failure of this sequence is the failure of
the operators to re-open the motor feed pump control valves and depressurizethe RPV. For the IPE for a transient with PCS available coupled with an
A1WS, it was assumed that the MSIV isolation at RPV lev 31 was not bypassed.
This is also one of the dominant contributors to this sequence.

Sequence (T3A + T2)-C-Cl (T2-CSil)

Frequency 2.90 X 10-' Contribution 2.M

A transient has occurred. The PCS may be lost either due directly to the
transient or due to subsequent conditions which may result in MSIV isolation.
The control rods fail to insert into the core and the reactor remains atpower. The operators successfully controlled RPV level with the motor feed
pump. ADS inhibit was successful, but standby liquid control wasunsuccessful resulting in core damage.

Given a transient leading to a loss of PCS with an ATWS, the dominant
contributor to this sequence is the failure of the operators to initiate
standby liquid control.

Sequence T36-C-U3-X' (T3B-CS29)

Frequency 2.76 X 10-' Contribution 2.4 %

A loss of feedwater transient has occurred, the control rods have failed to
insert into the core and the reactor remains at power. Recovery of the motor
feed pump has failed. The operators have also failed to inhibit ADS
resulting in rapid depressurization of the RFV and initiation of low pressure
ECCS causing a reactivity excursion leading to core damage.

The dominant contributors to the failure of this sequence are the failure of
the operators to inhibit ADS, re-open the motor feed pump control valves and
manually depressurize the RPV.
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Sequence TIA-U2-W-Y-Cv (TIAS05)

Frequency 2.57 X 109 Contribution 2.2%

A loss of instrument air has occurred with a reractor scram and successful SRVoperation to maintain RPV pressure control. RCIC has failed to adequately
control RPV level. HPCS has initiated and is successfully maintaining highpressure RPV level control. The RHR system and venting have failed to
provide long-term containment heat remval. Without centainment heat removal
the containment ruptures disabling the injection path from HPCS and leadingto core damage.

The dominant contributors to core damage are the failure of the containment
subsequent release of steam into the HPCS pump room resulting in failureand

of HPCS and failure of the 4,160 VAC bus EH12. Maintenance of RHR train A
and the failure of the containment anchorage also contribute to failure of
this sequence.

Sequence (T3A + T2)-C-X' (T2-CS12),

Frequency 2.37 X 10" Contribution 2.0%

A transient has occurred. The PCS may be lost either due directly to the
transient or due to subsequent conditions which may result in MSIV isolation.
The control rods fail to insert into the core and the reactor remains at

O The operators successfully controlled RPV level with the motor feedpower.

V pump, but-fail to inhibit ADS resulting in core damage.
,

The initiat'ing event T3A (transient with PCS available) contributes almost
three times as much to the failure of this sequence than does T2 (transient

'

without PCS). This is due to the failure of the operators to maintain PCS
available for an A'IWS scenario.

Sequence A-Ul-V (ASO9)

Frequency 2.10 X 10" Contribution 1.M

A large LOCA has occurred with successful reactor scram. HPCS and low
pressure ECCS have failed to injection water into the RPV leading t- core
damage.

-The dominant contributors to this sequence are the failure of trains A and B
of Emergency Service Water. The maintenance of trains A and B of Emergency
closed Cooling and trains A and-B of Emergency Service Water also contribute
to this sequence.

3.4.1.4 contribution to Containment Failure

The development of the containment response following core damage for .the
various plant damage states is fully described in Chapter 4. This includes a
complete analysis of which sequences and plant damage states contribute to

O' the various containment- failure modes, and source terms. The significant
sequences most likely to contribute to containment failure are summarized in
this section. The frequency of conteinment structure failure is 7.8 x 10"
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per year and the frequency of RPV failure and early containment failure withpool bypass is 2.0 X 10" per year. As shown in Figure 3.4.1-3 sequences
resulting in containment bypass (from Event V) represent less than 11 of thecore damage frequency, and those core damage sequences resulting incontainment failute represent 23%. The sequences contributing 95% of thetotal to each of the failures and
in which the sequences occur, are, discussed below.whsrc appropriate, the plant dam ge states

Containment Failed Prior to Core Damage for Internal Initiators

In the case of failure of containment prior to core damage, denoted in theevent tree by function Cv, the containment failure can occur at t!.eanchorage, in which case the suppression pool would be lost and thecontainment bypassed. In section' 4.4.4 it is shown that for slow
overpressurization sequences the ratio of anchorage failure to other failures
is 0.15/0.85. The Level 1 sequencer, without flooding which contribute to
overpressure f ailure are shown in Table 3.4.1-4. The frequency of the Cvsequences is 2.6 x 10''. However the frequency of pool bypass is thisfrequency multiplied by 0.15. Thus the contribution to the RPV failure and
early containment failure with pool bypass frequency is 3.9 x 10" , which is
approximately 3% of the overall core damage frequency. The dominantcontribution to this is the loss of feedwater followed by successful
injection but failure of all containment heat removal and venting. Thecontribution from this sequence is 62%. The next highest sequences
associated with loss of instrument air contributes 10%. Event V contributesless than 11.

Containment Failure

The containment structural failure aid venting frequency from al1 sequencesis 7.8 x 10-' per reactor year. The containment venting frequency is 3.7 X10~ ' and the contanment structural failure frequency is 4.0 X 10" . 'Ine
breakdown of the containment failure nodes for all plant damage state i

sequences is shown in Table 3.4.1-10. The plant damage state failure
frequency from sequences in which containment fails prior to core dage is2.9 x 10'', so the total containment structural failure and venting frequencyafter core melt is approximatley J.9 x 10- ' pe r reactor year, which isapproximately 38 percent of the core damage fre The contributors tothis from venting after core damage is 3.7 x 10''quency.or 77L Thus the frequencyof a conhinment structural failure without the frequency of the containment
failed at core damage is 1.1 x 10" which is approximately 91 o'f the core
damage frequency. The frequency of coritainment structural failure for all
station blackout sequences is 6.0 X 10~' which represents 4.7 percent of the
core damage frequency. The plant damage states which contribute 95% of the
containment failure frequency and the sequences which contribute to each of
these plant damage states are listed in Table 3.4.1-11. It will be noted
that for all plant damage states which conttibute 95% of the containment
failure frequency there is a 100% probability of containment failure given
the conditions identified for that plant damage state. The assessment of
containment failure for the 16 plaat damage states which contribute 95
percent of containment failure and venting is described in Section 4.5.3.

The plant damage states contributing to containment failure and the dominant
sequences (above 1% CDF) in each plant damage state are shown in
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Table 3.4.1-11.

d- ,

3.4.1.5 Comparison of Results With and Without Recovery Actions

The quantification of the core _ damage sequences was basu on inclusion of
both the automatic initiation of systems and operator actions specifically
called out in the procedures in the fault and event tree models. For examplefollowing a loss of =feedwater the falling water level in the vessel will
result. in auto. initiation of the HPCS, RCIC, or motor -feed pump, and the
operator is instructed to confirm that the systems are operating. If the

,

systems have. failed, he is instructed to perform a series of operations which
will_ result in depressurization of the vessel and use of the low pressure
systems to inject ater into the vessel. The operator actions associated
with use of these systems have been included in the base case model as have
all the other actions in the procedures which he would be using.

When the initial quantification of the core damage sequences were complete
; each cortination of failures was reviewed to determine if it represented a

direct. path to core damage or if as a result of following procedures, the
operator would use additional systems to prevent core damage. This resulted
in the identification of the following recovery actions which are now modeled
.in the event trees.

Use of - Mternative Low Pressure Injection (including fire protection-system) following failure of the Low Pressure Coolant Injection and Low
_

. Pressure Core Spray. This is included in the event tree as function Va.

The operator-takes the necessary actions to cross connect de power from
the Unit 2 batteries following loss of offsite power to extend the HPCS
operating . time by providing indication of water level (HI) or provides
power to maintain the SRVs open and allow the fire protection system to beused for injection.

The operator manually opens the uutboard fuel pool cooling and cleanup
isolation valve when there is no electric power available or motor
operator failure in order to vent the containment (Y).

'The operator crossties the division 3 and division 2 AC buses in a station
-blackout -to allow: opening of_the inboardL fuel pool cooling and cleanupisolation valve. ,

In the plant damage state trees additional recovery actions are included.

-The operator depressurizes aftet core damage and before vessel failure-

following early failure to depressurize.

Operator- initiates both standby liquid control pumps at a later stagefollowing an ATWS, failure of level control, and before containment
failure.

The- applicable operator actions are listed in Table 3.4.1-12, and the impact
of adding each group of actions associated with a given function, on the coreO damage frequency is given in Table 3.4.1-13. The overall impact of removing
the _ recovery actions would be to increase the core damage frequency from
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1.2 x 10" to 4 2 x 10" a f actor of approximately 3.5. The most significant
contribution is the use of the alternate low pressure injection sources, in
the event of failure of the low pressure coolant injection and low pressure
core spray, followed by the use of the Unit 1/ Unit 2 de cross-tie.

It should be emphasiced that these recovery actions have been included in the
medel because the operator has specific procedures which direct him to use
the identified systems to perform the specific functions modeled.
The two recovery actions which have been included in the plant dam ge state
event trees do not Ivwer the core d wage frequency but result in a reduction
of the frequer:cy of a numLor os plant damage stater. The late injection will
reduce the frequency of plant damage states 63 through 66 (rigure 3.4.1-3)
aM hence lead to a significant reduction in the frequency of release from
th ne plant damage states. The late depressurization will impact all the
plant d mage states in which the vessel pressure was high at the time of core
damage. The transfer of 90% of these sequences to a plant damage state
representing low pressure at vessel failure will again have a significant
impact on fission product release. A fuller discussion of the impact onfission product release is given in section 4.

3.4.1.6 Sensitivity Analysis

The dominant contribution to core damage comes from sequences associated with
ATWS, loss of offsite power and station blackout, The sequences resulting
from each of these initiations were reviewed to establish if there were any
areas where the success criteria or other assumptions could be construed as
either conservative or non conservatiw . In addition, the human reliability,
common cause failure and maintenaNe contributions to the core damage
frequency were reviewed to determine the overal? sensitivity of the resultsi

to the modeling and data in these areas. One of the reasons this was done
was to ensure that sequences which had a low core damage frequency as aresult of operator actions were identified. The
analysis are summarized in Table 3.4.1-14. results of the sensitivity

Initiating Event Frequency

The initiating event frequency for the initiation is based on the information
given in the Grand Gulf study, as, at the beginning of the Perry IPE study
information was only available from the first operating cycle. At the time
of completion of the study the second and third operating cycles had been
completed providing further information on the number of plant trips. In
fact in these two operating cycles there was only one inadvertent scram from
power, which was the result of a loss of feedwater. Based on this
information the initiating event frequencies for the transients T2 (loss of
power conversion), T3A (trip with PC3 available) and T3B (loss of feedwater)would

be lower than those used in the base case. As no T2 or r3A events
occurred a value of 0.5/ year is assumed for the sensitivity analysis. In thecase of T3B one trip occurred in two years; therefore, a frequency of0.5/ year is used. The use of these frequencies reduces the core damagef requency f rom 1.2 x 10',' per year te 7.0 x 10" per year, a 40% reduction in
the core damage frequency.

OIt is clear from the experience of the last two operating cycles that the
initiating event frequencies at Perry for the above transient categories are

Page 3-104
1

- _ _ _ _ _ _ _ - - - _ - _ _ _ _ _



. -, - .- ~ - . - . - . - -- . .- . _ - . - ..

J

In
significantly- lower than the industry values used in the Grand Gulf study.

~

4' -As the Perry IPE._is intended -to be a- living PRA the plant -specific~

information on the initiating event frequencies (and other applicable data
such. as maintenance unavailabilities! will be included at the first updating

>

of the model.

Anothbr significant impset_of this change in the fr m iency of the initiating-

events is the change in the relative contrW.luns to the overall core damage
.

frequency.
It can be.seen in Table 3.1.4-15 that the_ dominant contriitation

;is now station blackout at 32% fc11 owed by loss of cffsite power at 20%. ThtAms contribution is now 16.5%, which is less than the combined transient
contribution of approximately 23%. The_ importance of these results when-
considering plant improvements is discussed in Chapter 6.

Anticipated Transient Without Scram

The eritical function of borated eater injection, .RPV level control and-
. revention of depressurization all require the intervention of the operator.,

The -core damage frequency following an A WS event is therefore sensitive to
: the assumptions made in determining the operator error rates in each of thesefunctions. For example, if the operator failure to inhibit ADS is increased

1.0 the-overall core damage frequency goes from 1.2 x 10" to 8.6 x 10" .to:

However the A WS sequences frequency goes- from 4.7 x 10" to 7.9 x 10" , afactor of approxi'ately D. Similar increases occur if the values of the
-

| operator error rate" tor the other fuactions are increased.

N As stated earlier this dependency arises because of the following assumptions| A/ and design feature 4 at Perry.
1: ..

1, It -is-now considered that operation .of the HPCS is not an acceptable
'

method of mintaining vessel inventory following failure to insert thecontrol reds.

:2. The: standby liquid control system hus to be manually initiated.

:3. The. feedwater runback reduces feedwater injection to zero and therefore '

manual control is. required to restore feedwater.

4. It is necessary to inhibit ADS to prevent depressurization and injectionof water from the high capacity low pressure systems. This action has to
'be_ performed by the operator.

_ _

|

| Although the automation of a. number of these actions will not _make a majorreduction in the core damage frequency,'it will reduce the dependency on theloperator to perform the overt _ action. For example, the introduction of an
automatic ADS inhibit-following A WS would reduce' the core damage frequency
for |1.2 x 10" to 8.8 x 107, approximately 24% but it would also remove any
dependency _on the operator for the_ primary response to the particularrequirement.

, Loss of Offsite Power Sequences

-0).56 The impact-of the assumption that the unit 2 battery can be used to supply de
:

and that the-firewater can be used as an injection source have already been
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discussed in the previouc section (3.4.1.5) on recovery actions. hIn addition
other assumptions have been made in evaluatir;g the base case core damage

two
frequency.

1. The operator vill cverride the RCIC leak detection trip on loss of offsitepower.

2. Room cooling is not required for the switchgear rooms to prevent failure
of ce power from the diesels following loss of offrite power.

For the first assumption if the RCIC trip 'is not overridden, the overall coredar.oge frequency increases from 1.2 x 10 to 1.8 x 10" and if switchgear
room cooling is required, from 1.2 x 10" to 1.5 x 10" . The current
analysis gives a high degree of confidence in the vclidity of both the aboveassumptions.

Impact of Containment Failure

The current containment failure analysis indicates that a proportion ofcontainment failurea,
as the result of loss of containment heat removalfollowing successful reactor vessel injection, will lead to a loss ofinjection and thus core damage with a failed containment. As indicated inTable

3.1.4-9, such sequences contribute 22% to the core damage frequency.Thus if a passive vent were fitted, it cot'J be shown that containmentfailure will not lead to loss of inj
would be reduced by 22% from 1.2 x 10"pction and the core damage frequency

to 9 x 10" . This reduction wouldbe even more significant in terms of fission product release as it would
eliminate a class of core damage sequences with a failed containment, whichresult in high fission product releasu.

Maintenance Contribution to Core Damale
Maintenance of the ECCS and associated support systems results in periods ofunavailability of the systems. The data used in the study is based on the
plant specific information available at the time of the quantification of the
event trees in 1991 and updated for cycle 3 for the HPCS and RCIC systems. Asensitivity study has been performed to determine the contribution of
maintenance outages on the core damage frequency.

It can be seen that by putting all maintenance to zero, the core damage
frequery is reduced by 45% indicating that tnis is the maintenance
contribution to the core damage frequency. It is significant to note that
the contribution from HPCS and RCIC for which the cycle 3 information has
been used, is approximately 1%. There is an extensive Systematic Maintenance
Optimization (SMO) program at the plant for all LCCS systems. When this is
complete the plant specific data can be used to update the values used in the
current base case.

Human Reliability Modeling

The inclusion of recovery actions is discussed in tection 3.4.1.5 however the
sensitivity of the core damage frequoney to the other human reliability data
is also of interest. This has already been discussed to a limited extent in
the early paragraphs on the ATWS sequences.
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The current values for all human reliability basic events have been baced on I\ -

systematic approach to the quantification of the human actions. If it is
a

assumed that there is a bias in this analysis such that all events were
assumed to be too low then the core damage frequency would be higher. . To
assess the overall sensitivity to the human error probabilities the values

increased by a factor of ten if the base value was less than 0.1 and towere

a value of 1.0 if the base case was between 0.1 and 1.0. The core damagefrequency increased from 1.2 x 10" to 4.3 x 10" , a factor of 28. This
indicates that operator actions do pley a significant part in determining the

damage frequency and emphasize the importance of the instruction andcore
guidance- in the emergency procedures, particularly a= they relate to the 41'

actions identified in the core damagu sequences which contribute to the core
-damage irequency. Particular emphasis has been placed on the analysis of
multiple interdependent actions. Thi e is fully described in Appendix D.

The sequences which but for operator actions would have been above the
-screening value of 1.0 X 10' are shown in Table 3.4.1-5. The sequences fall
into three classes, those associated with A WS events those associated with
failure of decay heat removal and those associated with manual
dep'ressurization. In all cases those sequences which are increased to the

to 10" range contain operator actions which are currently in sequences10'
above the_ cut off and for which depen &ncy analysis has been performed. This
is particularly so in the case of the A WS events and the failure to initiate
containment heat removal or venting. It is concluded that there are nosignificant sequences which would be above 10-' if a more detailed humanp reliability analysis was performed. Finally if all the operators performedV tbc: required actions perfectly the core damage frequency would be reduced to
3.9 x 10" .

Common Cause Failtres

If the common cause failures were all increased by a factor of 10, the core',

damage frequency we.uld increase frora 1.2 x 10" to 2.2 x 10" which is less
than a factor of 2. - As the result- of the major contr.ibution to core damage *

from the ATWS sequences conrron caune failures of the cooling and support
systems such as -the emergency service = water or diesel generators do not_

cuntribute si v ificantly to the overall core damage frequency. However, as
described .in-section 3.3, a detailed-. analysis has been made of the critical
components in-these systems-.

- 3.4.2 VULNERABILITY SCFID1ING

' '

_A concise _ definition of vulnerability is not given in the documentation -
associated with the performance and reporting of the IPE. In the response to
questions in Appendix C to the Submittal Guidance Document (NRC,-1989),
mention is made of examining sequenws that are above the screening criteria
in order to determine.if a weakness exists. Thus the word weakness replaces

L the word vulnerability, neither of which is defined in. numerical or
comparative terms. In another response it is suggested that a vulnerability
is an outlier. The NUMARC Severe Accidant Issues Closure Guidelines (NUMARC,

'

1992) -proposes a set of guidelines based on a combination of the core damagei_ frequency for a group of sequences and the individual contribution from a
sequence group. If the contribution from a given initiator or system failure
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is greater than 50 per cent to the total core damage frequency it is
interpreted as a significant vulnerability, if it contributes 20-50% it is
interpreted as a potential vulnerability to be investigated. Similarly
contribution from sequence groups between a core damage frequency of 10" to
10" are reviewed to determine if there is an effective plant procedure or
hardware change which would reduce the frequency of the sequences.

In this study Importance and Sensitivity measures have been uset to determine
the most significant contributions to the core damage frequen g , containment
system performnce, and decay heat removal functions as discussed in section
3.4.1.

3.4.2.1 Internal Event Core Damage vulnerabilities

The breakdown of core damage by init: 1ing event is shown in Table 3.4.1-6
and oy sequence with function failure xa Table 3.4.1-3. However in order to
evaluate the vulnerabilities in terms of tN criteria proposed by NUMARC, it
is appropriate to regroup the sequences into a series of functional accident
groups according to the criteria shown in Table 3.4.2-1.

The list of sequences and frequency of each group is shown in Table 3.4.2-2.
It can be seen from this table that there are no significant vulnerabilities
as defined in the ptevious section as all the accident sequence groups have a
frequency below 1.0 x 10" and no group centributes trere than 50$, to the
overall core damage frequency. However there are two groups of accident
sequences that contribute between 20 and 50 per cent. Group 4 which is made
up of accident sequences involving an A'IWS leading to containment failure due
to high pressure and subsequent loss of inventory, and Group 2 which is made
up of accident sequences involving loss of containment heat removal leading
to contairemnt failure and subsequent failure of coolant inventory mke-up.

Group 4

The contribution to core damage from sequences in this group comes primarily
from A NS sequences in which the motor feed pump has failed t.o inject water
and ADS has not been inhibited resulting in rapid depressurication of the PJV
and injection of lou pressure ECCS. This leads to a series of reactivity
oscillations resulting in generation of large quantities of steam and
ulti.mately containment failure and core damge . In these sequences the
potential vulnerability is the failure to inhibit ADS. However it should be
noted from the sensitivity analysis that the use of the plant operating data
for cycle 2 and 3 will reduce the frequency of the initiators which
contribute to this group and thus the contribution to core damage frequency

of theso sequences from 33% to approximately 154 which is no longer a
potential vulnerability.

Group 2

The contribution to core dam ge from sequences in this group cumes f ror.
failure of containment heat removal leading to containment failure and
subsequent loss of injection. One of the reasons that this is a significant
contributor is that the containment design is such that in approximately 15%
of cases containment failure leads to injection failure. Thus if a passive
vent was fitted, the core damage frequency of these sequences would be
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' reduced. This also has an impact on source term magnitude and is further
L(%)L

-
'

; discussed in section 3.4,2.3 under containment
- vulnerabilities. Howeve

should be emphasized that:the overall frequency of this group 2.6 x 10'[ itis!well below 1.0 x 10'
'

' 3.4,2.2 Flooding Core Damage Vulnerabilities

there are no vulnerabilities associated with internal flooding. the total
contribution to core damage frequency it 12 per cent from all floods and
ficoding in tha most significant area, Zone 13 only contributes 7 per cent to
the overall core damage frequency. The sensitivity analysir shows that it is

'

important to ensure that - the supply valves to the Unit 2 heat exchanger,
wMeh is in dry. lay-up with the bell ends removed, cannot be opened.

3.4.'. 3 containment vulnerabilities

The- Perry contairenent design pressure is 15 psig. The median containment,
'

pressure capacity is esrimated to be 64.3 psig. Results from the containment
accident progression event tree. analysis indicate a containment failure can

4

occur from hydrogen burns and from gradual overpressurization. The systemsanalysis indicates a- relatively high probability of loss of venting
capability fur LOOP sequences with loss of containment heat removal. The' loss- of both- RHR and venting will eventually result in containment
overpressure failure (assuming failure from some other mechanism has notpreviously occurred).

[%/ _ Mie Perry Mad III steel containment has failure modes which will have an'

i.mpact on accident progression. If containment failure should result in
penetration failure,.then ECCS pump failure my occur due to steam release
pathways from the Shield Building to the Auxiliary Building through
penetration seals. If containment failure results in anchorage failure, then
the ECCS pumps may ' fail' as the result of piping failure 'and loss of
suppression pool. Suppression pool water loss and drywell bypass can occur
during anchorage failure when the water inventory is expelled to the Shield
' Building and_ adjacent reactor buildings. _ Additionally, anchorage rupture can
result in.a direct radiological release to the environment. The containment
performance is discussed in more detail in Section 4.

3.4.3 DECAY HEAT REMOVAL EVALUATION - I"TJE A-45

The_- objectives'of Task Action Plan A-45 are to evaluate the safety adequacy
of Decay Heat Removal (DHRL Systems in existing light water reactor nuclear
power plants and to assess the value and impact (benefit-cost) of alternative
masures for. Improving the overall reliability of the DHR function ifrequired.

:

Some potential accidents which could result in core melt were excluded from
the A-45 studies performed by Sandia National Laboratories (S.W. Hatch,
1987). ~ Since the purposr* of the program is to study the adequacy of shutdown
decay heat removal systems, large LOCAn, reactor vessel ruptures, interfacing
system LOCAs and anticipated transients without scram (ATWS) are excluded.- V

The, : tudy focused on events occurring f rom power or in hot standby.
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a failed containment. with consequent increase in offsite release. The
O^ addition of an alternate passive vent path will reduct the frequency of coredamage and result in a reduction in offsite release. That is the overall

damage frequency would be reduced from 1.2 x 10" to 9.0 x 10'' but thecore
overall

frequrncy of core damage sequence with the suppression pool bypassedis reduced from 2.0 x 10~' to 4.5 x 10' ~ which will have an impact on thesource terms.

It is considered that in view of the low frequency of the c
sequences resulting from failure of decay heat removal (5.1 x 10' pre damageper year)the

performance of these systems is adequate and that this analysis providesthe
necessary information for adequate resolution of unresolved safety issueA-45 for the Perry Nuclear Power Plant.

-

b

O

a

O
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The current values for all humn relbbility basic events have been based on'

a r,ystematic approach to the quantification of the human actions. If it is
assumed that there is a bias in this analysis such that all events were
assumed to be too low then the core damage f requency would im higher. To
e' ness the overall sensitivit) to the human errc r probabilitie., the values

increased by a factor of ten if tha base value was ler4 than 0.1 and tov.c
value of 1.0 if the base case wag between e.1 and 1.0. W core damage6

frequency incre'ised m om 1.2 x 10- to 4. 3 x 10" , a factor of 28. This
indicates that operator actions do pley a significant part in determining the
core damage frequency and emphasize the importance of the instruction and
guidance in the emergency procedures, particularly as they telate to the 41
acticas identified in the core damagu sequences which contribute to the core
damge frequency. Particular emphasis has been placed on the analysis of

_multiple interdependent actions. Thi ! is fu, y described in Appendix D.

The sequences which but f operator actions woWd have been above thescreening value of 1.0 X 10'prare shoen in Table 3.4.1-5. The sequences fall
ir three classes, those associated with AWS events, those associated with
failure of decay heat removal and those associated with mnual
depfessurization. In all cases those sequences which are increased tu the

to 10" range contain operator actions which are currently in sequences10

above the cut off and for which dependrney analysis has been performed. This #

is prticularly so in the case of the nWS events and the failure to initiate
containment heat removal or venting. It is

So above 10~poncluded that there are nosignificant sequences which would if a more detailed humn J

tD ''""'"''' ""*''''' """ "''' '"'"- "*" ' " '' " ' '"" ""'"' '" "' " '"""
the required actions perfectly the core damage frequency would be reduced to
3.9 y ~C.

Commo. use railures

If the common cause failu ~ were all increased by afactorpf10,thecote -

damage frequency would ir n ase from 1.2 x 10" to 2.2 x 10- which is less -

than a factor of 2. As the result of the major contribution to core damage
from the A WS sequences conaon cau..e failures of the cooling and support
cystems such as the emergency service water or diesel generators do not
contribute significantly to the overall core damage frequency. However, as
described in section 3.3, a detailed analysis bas been made of the critical
components in these systems.

3.4.2 JEPMILITY SCREERING

A concise definition of vuinerability is not given in the documentation
associated with the perfornnte and repot ting of the IPE. In the response to
questions in Appendix C to the Submittal Guidance Document (tmC, 1989),
mention is made of examining sequences that are above the screening criteria
in order to determine if a weakness exists. Thus the word weakners replaces
the word vulnerability, neither of which is defined in numerical or
comparative terms. In another response it is suggested that a vulnerability
is an ouaier. The IUfMC Severe Accid?nt Issues Closure Guidelines (NUMARC,
1992) propo es a set of guidelines b m J on a combination of the core damageO frequency for a group of sequences and the individual contribution from a
sequence group. If the contribution f rom a given initiator or system failure
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is greater than 50 per cent to the tot:1 core damage frequency it is
interpreted as a significant vulnerability, if it contributes 20-50% it is
interpreted as

from sequence groups between a core damage frequency of 10 ptly
a potential vulnerability to be investigated. Simil

contribution to
10" are reviend to determine if there is an effective plant procedure or.

hardware change which would reduce the frequency of the sequentos.

In this study Importance and Sensitivity measures have been used to determine
the most significant contributions to the core damage frequency, containment
system performance, and decay heat removal functions as discussed in section
3.4.1.

3.4.2.1 Internal f: vent Core Damage Vulrerabilities

_

2e breakdown of core danage by initiating event is shown in Table 3.4.1-6
and by sequence with fun: tion failure in Table 3.4.1-3. Howevet in order to

' evaluate the vulnerabilities in terms of the criteria preposed by ! W ARC, it
is appropriate to regroup the sequences into a series of functional accident
groups according to the criteria shown in 7able 3.4.2-1.

The list of sequences and frequency of each group is shown in Table 3.4.2-2.
It can be seen from this table that there are no significant vulnerabilities

as defined in the previous gection as all the accident sequence groups have a
frequency below 1.0 x 10' and no group contributes note than 50% to the
overall core dunage frequ mey. However there are two groups of accident
sequences that contribute etween 20 and 50 per cer.t. Group 4 which is made
up of accident sequence.) involving an A WS leading to containment failure due
to high pressure and subsequent loss of inventory, and Group 2 which is made
up of accident sequences involving loss of containment heat removal leading
to contairment failure and subsequent failure of coolant inventory make-up.

Group 4

The contribution to core damage irom sequences in this group comes primarily
from A NS sequences in which the motor feed pump has failed to inject water
and ADS has not been inhibited :esulting in rapid depressurization of the RPV
and injection of low pressure ECCS. 21s leads to a series of reactivity
oscillations resulting in 9tneration of large quantities of steam and
ultimately containment failure and core damage. In these sequences the
potential vulnerability is the feilure to inhibit ADS. However it should be
noted from the sensitivity analysis that the use of the plant operating data
for cycle 2 and 3 will reduce the frequency of the initiators which
contribute to this group and thus the centribution to core damage frequency
of these sequences from 33% to approximately 15% which is no longer a
pctential vulnerability.

C_roup 2

"he contribution to core damage from sequences in this group comes from
failure of containment heat removal leading to containment failure and
subsequent loss of injection. One of the reasons that this is a significant
contributor is that the containment design is such that in approximately 15% -

of cases containnent failure leads to injection failure. Thus if a passive
vent wrs fitted, the core danage f requency of these sequences would be
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reduced. %is also has' an impact on source term magnitude and is further,

discussed in section 3.4.2.3 under containment vulnerabilities. Iloweve
wellbelow1.0x10'pthattheoverallfrequencyof this group 2.6 x 10'y itshould be emphasize is

3.4.2.2 flooding Core Damage Vulnerabilities

There are no vulnerabilities associated with intetr.a1 flooding. the total
contribution to core damage frequency is 12 per cent from all floods and ;flooding in the most significant area, Zone 13 only contributes 7 per cent to

ithe overall core damage frequency. We sensitivity analysis shows that it is
important to ensure that the supply valves to the Unit 2 heat exchanger, {which is in dry lay-up with the bell ends removed, cannot be opened.

-3.4.2.3 containment vulnerabilities

The Perry containment design pressure is 15 psig. The median containment
.

pressure capacity is estimated to be 64.3 psig. Results from the. containment
;

accident progression event tree analysis indicate a-containment failure can
occur from hydrogen burns and ftom gradual overpressurization. The cystems-analysis indicates a relati aly high probability of loss of venting icapability for LOOP sequences with loss of containmart heat removal. Theloss. of both lutR and venting vill eventually result in containment
overpressure failure (assuming failure from some other mechanism has not
previously occurred).

O The Ferry Mark III steel containment has failure modes which will have an
impact on accident progression. If containment failure shn id result in
penetration failure, then ECCS. pump failure may occar due to steam release
pathways . from the Shield building to the Auxiliary Duilding throughpenetration seals. If containment failure results in anchorage failure, then
the ECCS pumps may fail as the result of piping failure and loss of

,

suppression pool.. Suppression pool water loss and drywell bypass can occur
during anchorage-failure when the vater-inventory is expelled to the Shield
13uilding and adjacent react.r buildings. Additionally, anchorage rupture can
result. in a direct radiological rele.me to the environment, ne containment
performance is discussed in more detail in Section 4

3.4.3 DECAY !! EAT REMOV'i EVALUATION - ISSUE A-45

We; objectives of Task Action Plan A-45 are to evalutite the safety adequacy
of Decay Heat Removal (Dim) Systems in existing light water reactor nuclear

. power plants and to assess the value and impact (benefit-cost) of alternative
'

measures .. f or improving the overall reliability of the Dim function if
,

trequired..
?

Some potential accidents which could result in core melt were excluded from
the- A-45 studies performed by Sandia National Laboratories (S.W. 11atch,
1987). Since the purpose of-the program is to study the adequacy of shutdewn
decay heat removal systems, large LOCAn, reactor vessel ruptures, intetfecing
system LOCAs and anticipated transients without scram (A W3) are excluded,O The study focused on events occurring trom power or in hot standt;y.

!
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The delineation of the accident sequences, system analysis and
quantifications are fully described in the preceding sections 3.1 through3.4.1. The identification and ranking of the plant vulnerabilities are
described in section 3.4.2. However the concern in issue A-45 is to identifythe specific winerabilities asscciated with sequences identified as
potential?y IM M ng to core damage if all injection to the vessel and decayheat remova a !-st.

The breakdoe.. of functional contribr. tion to core damage is shown in Table3.4.2-1. From thin table it can be r.een that failure of decay heat removalthe result of failure of injection contributesas

with individual function contributions as follows:
22 percent to core damage

Group Description Percentage

IB Loss of offsite power and make-up 13
1E Loss of coolant inventory make-up

at low pressure 8
1A Loss of high pressure make-up and

failure 'o desressur ae <1

The contribution to core damage f regvincy as the result of loss of decay heatremoval from containment leading to containment failure and consequential
loss of injection (class 2) is 22 percent of the overall core damagefrequency. Thus 44 per cent of the contribution to core da m ge is as the
direct tesult of failure of decay neat removal either from the vessel or &contairwent. Although the overall frequency is low (5.1 X 10" ) it is of Winterest to identify any potential vulnerabilities which, if they could beaddressed, in a cost effective mannet would reduce the contribution of decay
heat removal failure to the overall cete damage frequency.

The importance analysis discussed ia section 3.4.1.1. ~nd listed in Table
3.4.1-7 identifies the individual components whose improw e nt would make the
greatest contribution to the reduction in core damge f requency. The highest
ranked component in terms of decay beat removal is the event representing
failure of injection as the result of containment failure (Cv05). This
indicates that the mode of containment failure following overpressurization
is more significant than any individual containment heat removal systemfailure. Therefore an alternative maans to prevent containment failure will
have the biggest impact in reducing the core damage frequency.

The contributions from the remaining '.ndividual components is small therefore
improvement of an individual compuent will have a significant impact onno

the contribution to decay heat removal failute.

3.4.3.1 Summary and Conclusions

i Tne core . damage frequency resulting form failure of decay heat removal
systems is 5.1 x 10" representing 44 percent of the contribution to core
damage form internal events. A review of the contribution to this failure

i identified one event which contribut ed twice as much as any others to the
core damage frequency for which a possible modification may be considered.

| The mode of containment failure recults in a significant probability of
) injection failure following contairer.t failures and subsequent core melt in
!
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a failed containment, with consequent increase in offsite release. 'Ihe|O addition of an alternate passive vent path will reduce the frequency of core
<

damage and result in a reduction in offsite release That is the overalldamage frequency would be reduced from 1.2 x 10'gcore
to 9.0 x 10'' but theoverall

frequency of core damage sequency with the suppression pool bypassedis reduced from 2.0 X 10'' to 4.5 x 10~ which will have an impact on thesource terms. 1

'

It is considered that in view of the low frequency of the core damage-

resulting from failure of deedy heat removal (5.1 x 10'' per year)
sequences
the

performance of these systems-is adequate and that this anal.ysis previdesthe
necessary information for adequate resolution of unresolved safety issueA-45 for the Perry Nuclear Power Plant. '
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Table 3.1.1-1

P!1PP IPE Initiating Event List

Designation * Desttiption Mean Frecuency

Tl Loss of Offsite Power Transient 6.09 E-2

T2 Transients with the loss of the Pover
Conversion System (PCS) 1.62

T3A Transients with PCS initially available 4.51
_

T3B Trancients involving loss of feedvater,
but with the PCS initially available 7.60 E-1

T3C Transients caused by an Inadvertent Open
Relief Valve (10RV) on the RPV 1.40 E-1

TIA Transient caused by a loss of Instrunrat Air 9.20 E-2

TSV Transient caused by a loss of Service Vater 1.0 E-3

1.0 E 4
A Large Loss of Coolant Accident (LOCA)

3.0 E-4
S1 Intermediate LOCA

3.0 E-3
12 Small LOCA

<1.0 E-8
V Interface Systems LOCA

<1. 0 E. 8 -

0 Containment Bypass LOCA

1.0 E-7
R Vessel Rupture

* The letters used to designate a specific initiating event Group are, where
possible, those used in the Grand Gulf Study, and generally in other BVR
studies.

,

O
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Table 3.1.1-2 |
\

EPRI BVR Transient Category Definitions i

EPRI
Title and DefinitionCatej o_ry _

1. Elcetrical Load Rejection - the electrical load rejection transient
occurs when electrical grid disturbances result in significant loss of
load on the generator. Also included are intentional generator trips.

2. Electrical Load Hejection with Turbine Bypass Palve Failure - this
transient is identical to No. 1 except that the turbine bypass valves
do not open simultaneously with shutdown of the turbine.

3. Turbine Trip - a turbine trip transient occurs when any one of a number
of tu'rTTiiror nuclear system malfunctions requires the turbine to be
shut down. Turbine trips which occur ns a by-product of other
transients such as loss of condenser vacuum or reactor high level trip
are not included. Intentional turbine trips are included.

4. Turbine Trip vith Turbine Bypass Valve rallure - this transient is
identical to No. 3 except that the turbine bypass fails to open.

5. Main Steam Isolation Valve (HSIV) Closure - the HSIV closure transient
occurs when any one of varTous steam line and nuclear system g
malfunctions require termination of steam flov from the versel
automatically or by operator action.

6. Inadvertent Closure of One HSIV - only one HSIV closes, the rest
remaining open, due to operator or equipment error.

7. Partial HSIV Closure - partial closute of one or more HSlVs results
Hom a hardware or Tiuman error.

8. Less of Normal Condenser Vacuum - either a complate loss or durease in
condenser vacuum tesults from a hardware or human error.

9. Pressure Regulator Falls Open - either the controlling pressure
The failureregulator or backup regulator fails in the open direction.

causes a decreasing coolant inventory as the mass flow of vater
entering the vessel decreases.

10. Pressure Regulator Fails Closed - either the controlling pressure
regulator or backup regulator fails in the closed direction. This
fallute causes increasing pressure and thus decreasing steam flov from
the vessel.

Inadvertent Opening of a safety / Relief Valve (Stuck) - a safety / reliefi11.
valve sticks open. Due to an operator error or equipment error a

-

single safety / relief valve can be opened, increasing steam flov from
the vessel. If the valve cannot be closed, a scram is initiated. *ihis
transient only includes those openings that cannot be subsequently
closed before a scram occurs.



I

Table 3.1.1-2 continued

EPRI BVR Transient Category Definitions,

!EPRI
Category Title and Definition

12. Turbine Bypass Falls Ope _n + equipment or operator error results-in
inadvertent or excessive opening of turbine bypass valves so as to
decrease the vessel level.

13. Turbine Uypass or Control Valves Cause Increased Pressure (closed) - |
Ilither cperator error or equipment isITuse causes the turbine bypass or ;

control valves to close, resulting in increased nystem pressure. !
-

14 Recirculation Control Fallure -'In.: teasing Flov - a failure of a flow
controller,=either in one loop or tee master flow controller, causes an
increasing flov in the core.

15. Recirculation Control Pallure - Decreasing-Flov - flow controller
~

fillure failiite causes a decreased flov to the core. - >

16. Trip of One Recirculation Pump - one recirculation pump trips due to a
liarrivare or human error.

17. Trip of All Recircula_ tion Pumps - the simultaneous loss of'all i
'

recirculation pumps occurs.

18. Abnormal Startup of Idle-Recirculation Pun.p - an idle recirculation
pump is started at on Tmproper power and flow condition. The increased
flow could cause a flux spike, or, if the loop has been idle so as to
allow coolant in the pump loop to cool, core inlet subcooling.

'

19. Recirculation Pump Seizure - the failure of a recirculation pump is
Euch t' Eat no coastdown occurs, and a' sudden-flow decrease is
experienced.

20. - Feedvater - Increasing Flov at Power - event causes increasing
feedvater. flow at power. Excluded (see Category 26)'are increasing
flov events during startup or shutdown, when manual control is being_
utilized. ,

'21. Loss of Feedvater lleater - the loss-of-feedvater heating is such that
tiie reactor vessel receives feedvater cool enough to exceed core scram
parameters.-

22. Loss of All Feedvater Flov - the simultaneous loss-of-feedvater flov,
excluding that due to the loss-of -of fsite pover (see Category 31),
occurs.+

. - 23. Trip of One Feedvater Pump'(or Condensate Pump) .the loss of one

faedvaterfor condensate pump is such that a partial loss of feedvater..

is experienced.

. ~ . - - - _ - . - . . . , . -.- --.-.-. - .a- --- ..---.-..- - ._ ..
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Table 3.1.1-2 continued

F.PRI BVR Transient Category Definitiont

EPRI
Category Title and Definition

_,

24. Feedvater - Lov Flov - plant occurrence causes decreasing feedvater
Ylov at pover. Excluded are events at lov power (see Category 25).

25. Lov Feedvater Flov During Startup - event results in lov feedvater flow
at essentially zero poverI this definition includes only startup or
shutdown operations.<

26. liigh feedvater Flow During Startup or Shutdovi3 - excersive feedvater
Ilov occurs during startup or shutrTown. This reactor is essentially at

,

zero power.

27. Rod Vithdraval at Power - one or more control rods are withdrawn
Iri~dvertently in tTie power range of plant operat f or..

of a control rod causes a . local power Tnc_p - the inadvertent withdraval
I!!gh Flux Due to Pod _Vithdrawal at St,arto28.

rease.

29. Inadvertent Insertion of Rod or Rods - malfunction causes an
Inedvertent insertioE~of rod or s cts' during pover operation.

30. Detected Fault in Reactor Protection System - a ceram is initiated due
iTan irHTcated Gult in the reactor protection system. An example is
the ind.lcation of a high level in the scram discharge volume.

31. Loss of Of f site Pover - all pover to the plant from external sources
Tihe grid of dtdicated transmission lines to another plant) is lost.

~

This event requires the plant emergency power sources to be available.

32. Loss of Auxiliary Power (Loss of Auxiliary Transformer) - the loss of
incoming power to a plant results from onsite fallures such as the loss

~

of an auxiliary transformer.

33. Inadvertent Startgof IIPCI/IIPC} - one of the systems supplying high
pressure enlfvater to the vessel inadvertently starts up. In general,
a BVR vill have either a high pressure coolant injection (IIPC1) system
or a high pressure core spray (f!PCS) system.

34. Scram Due to Plant Occurrences - an automatic or manual scram is
Tnitiated by an occurrence that does not cause an out-of. tolerance
condition in the primary system, but requires shutdown. Examples are
tur bine vibration, of f-gas explosion, fire, excess conductivity of
reactor coolant, etc

35. Spurious Trip Via Instrumentation, RPS Fault - a scram resulting from
hardvare or human error in instrumentation or logic circuits occurs.

!

l
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Tabic 3.1.1-2 continued

EPRI BVR Transient Category DefiM tions
.

EPRI
Caty ory

, Title and Definitigi,_ _ , _

36. Manuel Scram - No Out-of-Tolerance Condition - a manual initiation of a
scTa~m, either purposely or by errore occurs and there are no out-of-
tolerance conditions.

.

37. Cause Unknown - a scram occurs, but the caJse was not determinable,
f
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Tabic 3.1.1-3

Interfacing L9CA Evaluation

Valve Initial -

Syster Valve 7 Failure Mcde Type Position

MSIV Leakage Control lE32-F001 Fails to Remain Closed MOV Closed
(discharges to 1E32-F002 Fails to Remain Closed MOV Closed
Annulus) 1E32-FOO3 Fails to Remain Closed MOV Closed

(discharges to Aux IE32-F006 Fails to Remain Closed MOV Closed
Building and Annuls) 1E32-F007 Fails to Remain Closed MOV Closed

(discharges to IE32-F008 Fails to Remain Closed MOV Closed
Annulus) 1E32-F00? Fails to Remain Closed MOV Closed

RCIC (vater side) 1E31-F066 Fails to Prevent Backflov Check Closed
(pressurizes RCIC 1F51-f065 Fails to Prevent Backflov Check Closed
pump suction) 1E51-F013 Fails to Remain Closed MOV Closed

(pressurizes RHR) 1E31-FC56 Fails to Prevent Backflow Check Closed
IE31-F065 Fails to Prevent Backflow Check Closed
IE12-F019 Fails to Prevent Backflow Check Closed
IE12-F023 Fails to Remain Closed MOV Closed

(discharges to CST) 1E31-F066 Fails to Prevent Backflow Check Closed
IE31-F065 Fails to Prevent Backflow Check Closed
1E51-F013 Fails to Remain Closed MOV Closed
IE51-F022 Fails to Remain Closed MOV Closed
1E31-F039 Fails to Remain Closed MOV Closed

RHR-Steam Condensing Fails to Close MOV Open
(pressurizes RER) lE51-F064 Fails to C1.ose MOV Open

IE12-F052A,B Fails to Remain Closed MOV Closed
1E12-F087A,B Fails to Remain Closed MOV Closed
1E12-F055A,B Fails to Open RV Closed

O O O
l
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Table 3.1.1-3 continued

Interfacing LOCA Evaluation

Valve Initie'

Valves Failure Mode Type Position
System

(pressurizes RHR) 1E51-F063 Fails to Close MOV Open

IE51-F064 Fails to Close MoV Open

IE12-F052A,B Fails to Remain Closed MOV Closed

1E12-F051A,B Fails to Remain Closed PL'V Closed
RV Closed

IE12-F055A,B Fails to Open

RHR-Shutdevn Cooling IE12-F009 Fails to Remain Closed MOV Closed

IE12-F008 Fails to Remain Closed MOV Closed
(suctior
(pressurt as RER)

RHR-Shutdown Cooling IN27-F559A,5 Fails to Prevent Backflow Check Closed

IB21-F032A,B Fails to Prevent Backflow Check Closed
(return) Fails to Prevent Backflov Check Closed
(prassurizes RER) IE12-F050A,B

1E12-F053A,B Fails to Remain Closed MOV Closed

RHR-LPCI 1E12-F041A,B,C Fails *o Prevent Backflov Check Closed

(pressurizes RHR) lE12-F042A,B,C Fails to Remain Closed MOV Closed

1E21-F006 Fails to Prevent Backflow Check Closed

(pressurizes LPCS) 1E21-F005 Falls to Remain Closed MOV ClosedLPCS,

l

RVCU (suction) 1G33-F001 Fails to Cicse MOV Open

(pressurizes lov 1G33-F004 Fails to Close MOV Open

pressure side of IG33-F054 Fails to Close MOV Open

1G33-F053 Fails to Close MOV Open
RVLU)

! RUCU (return) IN27-F359A,B Fails to Prevent Backflow Check Open

(pressurizes lov IB21-F032A,B Fails to Prevent Backflov Check Open
!

pressure side of 1G33-F052A,B Fails to Prevent Backflow Check Open

RUCU) IC33-F03? Fails to Close MOV Open

1G33-F040 Fails to close MOV open

-, a
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Table 3.1.1-3 continued |

|
Interfacing LOCA Evaluation j

Valve Initial |

System Valves Failure Mode Type Position i

HPCS lE22-F005 Fails to Prevent Backflow Check Closed I

(pressurizes.HFCS 1E22-F004 Fails to Bemain Closed MOV Closed

pump suction) 1E22-F024 Fails to " avent Backflow Check Closed

(discharges to CST) 1E22-F005 Falls to Frevent Backflov Check Closed

1E22-F004 Fails to Remain Closed MOV Closed
IE22-F010 Fails to Remain Closed MOV Closed

IE22-F011 Fails to Remain Closed MGV Closed

Standby Liquid Control IC41-F007 Fails to Prevent Backflow Check Closed

(pressurires SLC IC41-F006 Fails to Prevent Backflov Check Closed

pump suction) IC41-F004A,B Fails to Remain Closed Squib Cicsed
IC41-F033A,B Fails to Prevent Backflow Check Closed
IC41-F029A,B Fails to Remain Closed RV Closed

Feedvater IN27-F359A,B Fails to Prevent Backflov Check Open

(pressurires FV IB21-F032A.B Fails to Prevent Backflov Check Open

pump suction) IN27-F514A,B Fails to Prevent Backflow Check Open

9 O O
_
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Table 3.1.1-4

LOCA Bypassing Containment Evaluation

Valve Initial

System Valves Failure Mode Type Position

nain Steam IB21-F022A,B,C,D Fails to Close MSIV Open

IB21-F028A,B,C,D Fails to Close MSIV Open

MSIV Leakage Control IN22-F016 Fails to Close MOV Closed

(inboard drains) IN22-F019 Fails to Close MOV Closed

(outboard drains) 1N22-F067A,B,C,D Fails to Remain Closed MOV Closed

RCIC (vater side) 1E51-F066 Fails to Prevent Backflow Check Closed

IE51-F065 Fails to Prevent Backflow Check Closed

RCIC (steam side) & IE51-F063 Fails to Close MOV Open

RHR-Steam Condensing 1G33-F004 Fails to Close MOV Open

RVCU (suction) 1G33-FOO1 Fails to Close MOV Open

IC33-F004 Fails to Close MOV Open

RVCU (return) IN27-F359A,B Fails to Prevent Backflow Check Open

1B21-F032A,B Fails to Frevent Backflov Check Open

IG33-F052A,B Fails to Prevent Backflow Check Open

1G33-F039 Fails to Close MOV Open

1G33-F040 Fails to Close MOV Open

1E22-F005 Falls to Prevent Backflov Check Closed

IE22-F004 Fai?.s to Remain Closed MOV ClosedEFCS

Standby Liquid Control IC41-F007 Fails to Prevent Backflov Check Closed

IC41-FOO6 Fails to Prevent Backflov Check Closed

Feedvater IN27-F559A,B Fails to Prevent Backflov . Check Open

IB21-F032A.B Falls to Frevent Backflow Check Open

I

!
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|)Table 3.1.1-5

EPRI Events included in the Transient Categories

initiating EPRI
Event Transient
Group Category Rationale For Inclusion

T1 31 A loss of the offsite grid vill result in a
reactor scram and loss of normal AC power. The

(Transient that onsite emergency diesel generators are required to
causes LOOP) start to supply emergency loads. (USAR 15.2.6)

32 Loss of the auxiliary transformer vould result in a
reactor scram and a loss of normal AC pover.
Emergency loads vould still be maintained by
offsite pover, however, it is conservatively
assumed that diesel generator start is required to
supply emergency loads. (USAR 15.2.6)

T2 2 Generator load rejection with f ailure of the
turbine bypass valves vill result in a fast closure

(Transient with of the turbine control valves which will result in

loss of PCS) a reactor scram. The failure of the turbine bypass
valves to open vill result in the loss of the &
condenser. (USAR 15.2.2) W

4 Turbine trip vith failure of the turbine bypass
valves. Similar to No. 2 above. Turbine trip
causes the reactor scram. A failure of the turbine
bypass valves to open vill result in the loss of
the condenser. (USAR 15.2.3)

5 An HSIV isolation vill result in a reactor scram
and loss of the condenser. (USAR 15.2.4)

6 Inndvertent closure of one MSIV may cause a high
steam flow isolation signal resulting in closure of
the remaining MSIVs and subsequent loss of the
condenser. MSIV Closure vill cause a reactor
scram. (USAR 15.2.4)

7 Partial closure of one MSIV. Sequence of events
are assumed to be identical to No. 6 above. (USAR
15.2.4)

8 A loss of normal condenser vacuum vill cause both a
reactor scram and loss of the condenser. (USAR
15.2.5)

O
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Table 3.1.1-5 continued

EPRI Events Included _in the Transient Categories

Initiating. EPRI ,

'

Event Transient
Group Category Rationale for Inclusion

T2 9 -A_ failure of the pressure regulator in the open
,

position vill cause the turbine control valves to

(Transient with go vide open, a reactor scram would occur on high
loss of PCS) RPV vater level and the HSIVs vill close on lov

steamline pressure which vill cause isolation of -

(Continued) the condenser. (USAR 15.1.3)

10 A failure of the pressure regulator in the closed I
position vill cause a high neutron flux reactor
scram. The turbine control valves vill close and
the turbine bypass valves vill not open causing a
loss of the condenser. (USAR 15.2.1)

<

12 A failure of the turbine bypass valves in the open
position vill cause a decrease in the main
steamline pressure resulting in a closure of the ,

MSIVs isolating the condenser and causing a
'

- reactor scram. (USAR 15.2.4)

13 A failure of the turbine bypass or control valves ;

in the closed position vill isolate the reactor
-

from the condenser. Turbine stop valve closure
vill initiate the reactor scram. (USAR 15.2.3) ,

37 Transients of unknown cause are assumed to result
in the loss of the condenser. (No applicable USAR
reference)

T3A- 1 A generator load rejection vill cause the fast
closure of the turbine control valves which vill

(Transient with result in a turbine trip and reactor scram. :Thee
|' PCS available) condenser vill be available. (USAR 15.2.2)
: ''

3 A turbine trip will cause a reactor scram on the
fast closure of the turbine control valves. The
condenser vill be available. (USAR 15.2.3)

m

!. 14 A recirculation control failure-increasing ilov

L
will result in a high neutron flux reactor scram.
The turbine _ control valves vill close on falling

|

! turbino pressure. The HSIVs vill remain open and
the turbine trip vill initiate turbine bypass valve [;

-

operation.- (USAR 15.4.5) ,

.

|
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Table 3.1.1-5 continued j |

EPRI Events Included in the Transient Categories

Initiating EpRI
Event Transient
Group ___ Category __ Rationale For Inclusion

T3A 18 The abnormal startup of an idle recirculation pump
is not expected to cause a reactor scram. llovever,

(Transient with if plant response is exacerbated, the startup could
PCS available) cause a reactor scram on high neutron flux. The

HSIVs vill remain open and the turbite trip vill
(Continued) initiate turbine bypass valve operation. -

(USAR 15.4.4)

21 A loss of fee, vater heating could result in e high
neutron flux reactor scram. The HSIVs vill remain
open and the turbine trip vill inatlate turbine
bypass valve operation. (USAR 15.1.1)

27 A rod withdraval at power is not expected to cause
a reactor scram due to the rod withdraval limiter
function (RVLJ of the rod control and limitet
system (RC&lS). However, if plant response is
exacerbated, it is assumed that the cuent vill '

cause a reactor scram on high neutron flux. The
HSIVs vill remain open and the turbine bypass
valves vill be operable. (USAR 15.4.2)

29 The inadvertent insertion of a control rod et tods
with the assumed failure of the RC&lS will cause a
turbine trip on lov steam flov. The HSIVs vill
remain open and the turbine bypass valves vill be
opcrable. (No applicable USAR reference)

30 A detected fault in the reactor protection system
can result in a reactor scram. The HSIVs vill
remain open and the turbine bypass valves vill
remain open. (No applicable USAR reference)

34 A scram due to a plant occurrence is not assumed to
cause an HSIV isolation or a turbine bypass valve
failure. (No applicable USAR reference)

35 A spurious trip via reactor protection system
instrumentation is not assumed to cause an HSIV
isolation or the failure of the turbine bypass
valves. (No applicable USAR reference)

36 A manual scram vith no out of tolerance conditions
is assumed to not cause an MSIV isolation or the |h
failure of the turbine bypass valves. (No
applicable USAR reference)

- _ _ _ _ -
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Tsble 3.1.1-5 continued

EPRI_ Events Included in the Tsant.ient_ Categories

leiltiating EPRI
Event Transient
Group Category llationale For Inclusion

T3B 15 A recirculation control failure-decreasing flow
vill cause a teactor scram on high RPV vater level.

(Transient with resulting in a loss of leedvatet. The HSIVs vill

a loss of remain open and tie turbine trip vill initiate

feedvater) turbine bypass valve operation. (USAR 15.3.2)
_

16 The ttip of one recirculation pump vill not cause a
reactor scram. However it is conservatively
assumed that the plant responne vill be similar to
the loss of two recirculation pumps. See No. 17
below. (USAR 15.3.1)

17 The trip of both recirculation pumps vill result in
a reactor scram on high RPV vater 1cvel, resulting
in a loss of feedvater. The HSIVs vill remain open
and the tutbine trip vill initiate turbine bypass
valve operation. (USAR 15.3.1)

19 A recirculation pump seizure vould cause a reactor
scram on high RPV vater level, resulting in the
loss of feedvater. The HSIVs vill remain open and
the turbine trip vill initiate turbine bypass valve
operation. (USAR 15.3.3)

20 Increasing feedvater flow at power vill cause a -

reactor scram on high RPV vater level, resulting in
the loss of feedvater. The HSIVs vill remain open
and the turbine trip vill initiate turbine bypass
valve operation. (USAP. 15.1.2)

22 A loss of all feedvater flow vill cause a reactor
scram on lov RPV vater level. Vith no icedvater
available the !!PCS end RCIC systems vill initiate
to recover level. It is assumed that the plant

operators vill take the reactor mode svitch to
shutdown following the scram thus eliminating the
possibility of HSIV closure on lov steamline
pressure. (USAR 15.2.7)

23 A trip of one feedvatt : (or condensate) pump may
not result in a reactor scram if the feedvater
control system can compensatt. Ilovover, it is

assumed that such an event vould cause a scram on

O low RPV vater level. The HSIVs vill remain open
and the turbine bypass valves vill remain operable.
(No USAR ref.) i

.
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||Table 3.1.1-5 Last

EPRI F. vents Included in the Transient Categories

Initiating EPRI
Event Transicat

_ Group Category _ Rationale For Inclusion

T3B 24 A lov flow feedvater transient not compensated by
the feedvater control system is expected to cause a

(Transient with reactor scram on lov RPV vater level. The HSIVs
loss of vill remain open and the turbine bypass valves vill

feedvater) remain operable. (No applicable USAR reference)
_

(Continued)

33 The inadvertent startup of IIPCS vill requite the
proper compensation by the feedvater control
system. Any failure of the control system vill
potentially result in a reactor scram on either lov
or high water level. Conservatively, it is assumed
to cause a scram on high water level which vill
result in the loss of feedvater. The HSIVs vill
remain open and the turbine bypass valves vill
remain operable. (USAR 15.5.1)

O
T3C 11 An inadvertent opening of a safety / relief valve

(stuck) could cause the suppression pool to exceed
(IORV Transient) technical specification limits. A manual scram

would be procedurally required. The HSIVs vill
reaain open and the turbine bypass valves vill
remain operable. (USAR 15.1.4) -

,

N/A 25 A lov feedvater flov transient during plant startup ,

or shutdown is not considered within the scope of

this study. (See section 3.1.1)

26 A high feedvater flov transient during plant
startup or shutdcun is not considsred within the
scope of this study. (See section 3.1.1)

28 A high flux due to rod withdraval at startup is not
considered within the scope of this study. (See
section 3.1.1)

9
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() Table 3.1.2-1

List of Front Line Systems and Support Systems

Prontline Systems

RPV Depressuriraiton

Standby Liquid Control

Residual lleat Removal Lov Pressure Coolant Injection Mode

Containment Spray Mode

- Suppression Pool Cooling Mode

Lov Pressure Core Spray

liigh Pressure Core Spray

Reactor Core Isolation Cooling

Condensate /Feedvater

Fite Protection Alternate Injection

() Condensate Transfer Alternate Injection

ESV B/RilR B Cross-Tie Alternate Injection

Reactor Feed Booster Pump Alternate Injection

Containment Venting by Fuel Pool Cooling and Cleanup -

Containment Venting by RHR Containment Spray

,

Support Systems

Suppression Pool Make-up

Dryvr11 Vacuum Relief

ECCS Pump Room Cooling

Diesel Cencrator Room Ventilation

Emergency Closed Cooling

Nuclear Closed Cooling

O

_ - - _ _ __
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Table 3.1.2-1 continued . . .

List of Front Line Systems and Support Systems

Emergency Service Vater

Safety Related Instrument Air

Service /Instre .*nt air

Emerge.ncy DC Power

Emergency AC Power

Service Vater

Turbine Building Ventilation

Heater Bay Ventilation

Turbine Building closed Cooling

O

O

. ._.
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Tek 3 1.2-3 L'P5't *v't** to 5ert Sv't-a en"J-"cr "*t r i"

"mergency . Class 1E Non IE Emergency EW Emerg Psp E DG
Suppott Offsite AC Power DC Power DC Pwr Serv Water . Pop 53 FEB Instr Sfty Re1 ECC Aree Cing CCCW Misc Batt vent
systees Powc 1 2 3 A B C A B C SW Vent Vent Air Inst Air AB ?9CC C7CW A 8 A B Vent Vent ABC

offaite Power

& AC, R43 Die 1 5 A A A

Div 2 8 A A A

C22 Div 3 R A A A

1E CC, R42 A C C A

B C C A

C C C A

Non 1% X , RC2 C A

ESW, P45 A B A C C

B 8 A C C

C B A C C

EPRC, M3' E12A B C B C

El2a fi C e C

E12C 8 C a C
,

E21 3 C B Ci

E22 8 C 8 C

ESI 3 C a C

EITt, M32 A B C C

B B C C

FM!rt, M40 5 C C

IA, PS2 B B C C C

SPJ.A. P57 3 C

ECC, P42 A B C C B C C C

B 8 C 2 8 C C C

!
l

!
Legend A = Interdependent |

8= to W '

C= 1 or celayed dependance
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Ta~ ole 3.1.2-3 servert sr=te= to survrt e % % .tria (Continued)U

Emargency Class 1E h IE Emergency ffv Emerg ,% MCC DGSupport Offsite K Power DC F w e DC Fwe Serv Water Fue Ns PPB Instr sfty Pol ECC Area Clag CCtv Misc Batt ventsyetens Power 1 2 3 A 8 C A E C sw vant vant Air Inst Aar A8 MCC Crty A B A 8 voet Writ 48C
isCC, P43 8 C C C C B C

C
C7CW, P50 5 C e s --
EPAC, M28 A B C

A C
8 8 C

A C
CCCW, P47 A B C C

C 8 A A A
B B C C

C 8 A A A
C B C CC B A A A

SW, P41 8 C C C
C C =

M1, M46 8
C

MB7, P'23/2 4 S C C
A A

OGv, M43 A R A
C

9 B A
C

C S n
C

Imgend: A * Interdependerrt
E = Compiste depersdance
C = Partial or delayed depes,dertee
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Table 3.1.2-4 i
|

Success Criteria for the Loss of PCS Transient (T2)

Ex Coolant
RPV System E=ergency Containment i

Reactivity Overpressure Core Overpressure i
Initiator Control Protection C<,oling [a] Protection

T2 RPS SRVs Open T. Close HPCS 1 of 2 RHR and III
or cr (in SPC or Spray mode)
ARI RCIC or

or Contain=(nt Venting
MFP

or
ADS

(4 SRVs open automatically
or manually) and

LPCS or 1 of 3 LPCI
or

Condensate Transfer Alternate Injection

[see Note b]

NOTES: (a) If emergency depressurization is required, then 4 or more open SRVs are necessary for injection.
(to Condensate Transfer Alternate Injection provides 2,000 gpm 9 75 psig using the Condensate Transfer

System (CTS) flush connection to the RHR Shutdown Cooling to FDV line. This alignment requires one
local valve to be operated in the Auxiliary Building.

O O O
_ _ _- _
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Yable 3.1.2-5'

Success Criteria-for'the Transient with PCS Available (T3A)
|

Rx Coolant
RP7 System Emergency. ContainmentReactivity Gverpressure CoreInitiator Control Protection Overpressure

Cooling {a) Protection
T3A RPS .PCS HPCS 1 of 2 RHR and HIor .or or

ARI SRV (in SPC or Spray mode)
RCIC or
or PCS

1 FU or
oe Containment Venting

ADS (4 SRV opan automatically
or manually) and

LPCS or 1 of LPCI
or

Condensate Transfer Alternate injection
[see Note b)

NOTES: (a) If emergency depressurization is required, then 4 or more open SRVs are necessary for success.
(b) -Condensate Transfer Alternate Injection provides 2,000 gpa 9.75 psig using the Condensate

Transfer System (CES) flush connection to the RER Shutdown cooling to FDV line.-

This alignmentrequires one local valve to be operated in the Auxiliary Building.

I
!

|

'(
- , . . . . . . . . __. _ _ ..._. .. _ - , . . . . . . _ _ . . _ . . - - .-



' - .
- - - .

.

Table 3.1.2-6

Success Criteria for the Loss of Feedvater Transient (T3B)

Rx Coolant
RPV System Emergency Containment

Reactivity Overpressure Core Overpressure
Initiator Control Protection Cooling [a| Protection

T3B RPS PCS IIPCS PCS
or or or or
ARI SRV RCIC 1 of 2 RHR and HX

or (in SPC or Spray Mode)
1 FV or
or Containment Venting

ADR (4 SRV oper. automaticall:
ur manually) and

LPCS or 1 of 3 LPCI
or

Condensate Transfer Alternate Injection
[see Note b)

.

NOTES: (a) Condensate Transfer Alternate Injection provides 2,000 gpm 0 75 prig using the Condensate Transfer
System (CTS) flush connection to the RHR Shutdown Cooling to FDV lanc. This alignment requires one
local valve to be operated in the Auxiliary Building.

e O O
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Table 3.1.2-7

Success Criteria for Large LOCA

ContainmentEmergency
Reactivity Core Overpressure

Protection |

Initiator Control Cooling

1 of 2 RHR and Ex
A RPS HPCS

(in SPC or Spray mode)oror or |

ARI LPCS
Containment Venting

or

i of 3 LPCI

!- 1 .



Table 3.1.2-8

Success Criteria for Intermediate LOCA

Emergency Containment
Reactivity Core Overpressure

Initiator Control Cooling [aj Protection

S1 RPS HPCS 1 of 2 RHR and Ex
or or (in SPC or Spray mode)
ARI Emergency Deptessurization or

with 2 SRVs and Containment Venting
LPCS or 1 of 3 LPCI

or
Condensate Transfer Alternate Injection

[see Note bl

NOTES: (a) If emergency depressurization is required, then 2 or more SRVs are necessary for success. For the
intermediate LOCA, the break size is assumed equivalent to one open SRV.

(b) Condensate Transfer Alternate Injection provides 2,000 gpm @ 75 psig using the Condensate Transfer
system (CTS) flush connection to the RER Shutdown Cooling to FDV line. This alignment requires one
local valve to be operated in the Auxiliary Building.

O O O
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Table 3.1.2-9

Success Criteria for Small LOCA

CantainmentEmergency
f

Reactivity Core Overpressure
'

Protecticn
Initiator Control Cooling {aj

1 o f - 2 EHR and Ex
S2 RPS HPCS

(in SPC or Spray mode)or
I or or

ARI RCIC
Containment Venting

or
-

IFU
or

Emergency Deoressurization
,

with 3 SRVs and )
LPCS or 1 of 3 LPCI

or
Condensate Transfer Alternate Injection

[see Note bj

l

i

If emergency depressurization is required, then 3 or more SRVs are necessary for success.NOTES: (a) Condensate Transfer Alternate Injection provides 2,000 gpm 9 75 psig using the Condensate Transfer(b) This alignment requires one
system (CTS) flush connection to the RER Shutdown Cooling to FDV line.
local valve to be operated in the Auxiliary Building.

l

- .-
,
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Table 3.1.3-1

Success Criteria for-the Loss of Offsite Pover

Rx Coolant
'RP7 System. Emergency Containment-

Reactivity Overpressure Core Overpressure-
Initiator Control Protection Cooling [a] Protection

T1 RPS SRVs open & HPCS 1 of 2 RHR and HX
or close or .(in SPC or Spray Mcde)
ARI [see Note a] RCIC or

or Containment Venting
Emergency depressurization

with 4 or more SRVs and
LPCS or 1 of 3 LPCI

or
Fire Vater Cross-tie

[see Note b)

NOTES: (a) If Emergency Depressurization is required then 4 or more open SRVs are necessary for success.
(b) The Fire Water Cross-tie provides 100 gpm @ 120 psig using the ESV cross-tie into the RHR B Shutdovn

Cooling to Feedvater line. The alignment requires several local valves to be operated.

O O O
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Table 3.1.3-2

Success ' Cri teria for- Station Blackout

.Rx Coolant.
RPV . System Emergency. Containment1 Reactivity- Overpressure ' CoreInitiator Control Protection Overpressure

-Cooling [a| Protection
B RPS SRVs open & HPCS

or close 1 of. 2 RER and RX
. or (in SPC or Spray Mode)ARI [see Note a| RCIC or-

or- Containment VentingEmergency depressurization [see note eland LPCC or 1 of 3'LPCI
[see Note bj'

or

Fire Water Cross-tie
{see Note di

NOTES: (a) If Emergency Depressurization is required then 4 or more open SRVs are necessary for success.(b) Available only upon restoration of either offsite or division 1/2 ens 8 ~te pover.(c)
Fuel Pool Cooling & Cleanup Venting may be performed manually; RHR Containment Spray venting is
available only upon restoration ~ of either of fsite or division 3 to division 2 cross e ':.(d) The Fire Vater Cross-tie provides 800 gpm 0 20 psig using the ESV cross-tie into tb' RHR B ShutdownCooling to Feedvater line. The alignment requires several local valves to be operated. Fire watercan also be crosstied to the HPCS injection line.

i

i

e
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Table 3.1.3-3

Success Criteria for IORV Transient (T3C)

Rx Coolant
REV System Emergency Containment

Reactivity Overpressure Core Overpressure
Initiator Control Protection Cooling [a] Protection

T3C RPS PCS HPCS 1 of 2 PJfR and EX
or [ see Note bl or (in SPC or Spray Mode)
ARI RCIC or

or Containment Venting
IFV
or

Emergency depres;urization
and LPCS or 1 of 3 LPCI

or
Condensate Transfer Alternate Injection

[see Note c]

NOTES: (a) If emergency depressurization is required, then 3 or more open SRVs are required for success. Open
SRVs, due to the transient are included in the required number of open valves.

(b) for the IORV transient, it is assumed that the PCS is initially available to r tigate the initial
pressure transient upon reactor scram. Vith the PCS available, the SRVs are required to lift to
relieve RPV pressure.

(c) Condensate Transfer Alternate Injection provides 2.000 gpm @ 75 psig using the Londensate Transfer
Syc;em (CTS) flush connection to the RER Shutdown Cooling to FDV line. This alignment requires one
local valve to be operated in the luxiliary Building.

O O O
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Table 3.1.3-4

Success Criteria for ATUS

Rx Coolant Containment
RPV System Emergency

Core Overpressure
Reactivity Overpressure

Initiator Control Protection Cooling [a] Protection

T1-C RPT + 1 of SRVs open 6 close MFP or 1 of 2 TDFPs 1 of 2 RHR and EX

T2-C 2 SLC [see Note bj [see Note d) (in SPC or Spray Mode)

T3A-C PCS !or
i

1 of 2 LPCI A/B [see Note elor
T3B-C or[see Note f}T3C-C Containment Ventingor
T1A-C LPCS

[see Note
a & b]

NOTES: (a) The ATVS initiators are direct transfers from the Initiating Event Trees.
(b) Transfer from TSV is not shovn, since it is not significant. Transfers from A, S1 and 52 (i.e.,

LOCAs) are not developed, as not significant.
SRVs are required tc cycle as necessary in each transient to prevent RPV overpressurization. If(c)
Emergency Depressurizalton is required then conservat vely eight open SRVs are necessary for success.
The eight SRVs assumeo requited for depressurization is based on a conservative estimate that at TAF
vith RPT, power Icvel is approximately 20%. 20% power correlates to the capacity of four open SRVs.
An additional four SFVs are assumed requ4 red to depressurize. Eight SRVs equals the number of ADS
valves.
The Turbine Driven Feed Pumps are potentially available, if offsite AC power and PCs are available(d) The MFP is available if offsite AC power is available. For this base caseand the HSIVs are open.
ATVS analysis no credit is taken for the Reactor Feedvater Booster Pumps folleving RPV
depressurization.
The main turbine bypass portion or the PCS can accommodate 35% of reactor thermal power.(e) LPCI flow is directed through the Feedvater Return throttle valve to inject outside the shroud.

(f)

--

g
. .. -

.



Table 3.2.1.-1

RPV Depressurization System, b21
Dependency Hatrix

ADS Valves Non-ADS Valves
(8 Total) (11 Total)

..

Class 1E A * *

B * *
DC Power C

Safety Related
Inst Air, *

P57

Inst Air *

PS2

- O
* Indicates that the column identifier is dependent on the row identifier

9



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

4

i ..

Q.

h,-

*
_' ' / Table 3.2.2-1r ,9 .,L

b;; - Standby Liquid Cuatrol System, C41.

[:'
Dependency Matrix-

p-
g
p

..

:-- Train "A" SLC Train "B" SLC
e

| *h Emergency 1
2 *

AC Power 3

l'
--

,

L-

Indicates that the column identifier is dependent on the rov identifier*

,

'

DA
-| t

t

<

b-
L

4

1

i, ! ' .;-.

4-

c' .!i+

'
c '

bN

M3

-

. Q_ f

t

j .- -
|

'

| .:11b - <
i

- J 'w. A . . .. - -#W---m.,-.. ~ . + . _ . , - . . - ~ - - . . . . _ . - + , - . - - - - ~ _ . . - - - - - . - - - - _ , , - - . . ~ - - - _,. . . _ . , . , - . . . , . . . - - ,-



Tatle 3.2.3-1

Residual Heat Removal System, E12
Dependency Matrir

Train A Train B Train C

Emergency 1 *

2 * *

AC Power 3

Class 1E A *
B * *

DC Power C

Emergency A *
Service B * *

Vater C

O
ECCS Pump
Room * * *

Cooling M39

Emergency A *
Closed B * *

Cooling P42

* Indicates that the column identifier is dependent on the r:ov identifier

O
|

%



-- _ _ - _ _ _

Tabic 3.2.4-1
| ._

> - -

Lov P4 essure ~ Core Spray System, E21
Dependency Hatrix

LPCS injer don

Emergency 1 *

2

AC Power 3 ,

*
,

|
*Class 1E A

D

DC Power C
*

-.

*Emergency A
Closed B

Cooling P42

ECCS Pump
*Room Cooling

M39
'

,

-

* Indientes that the column identifier is dependent on the rov tientifier

i

O

l

|
-- - - - - - _ - - - _ - _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _
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Table 3.2.5-1

High Pressure Core Spray System, E22
Dependency Matrix

High Pressure Core Spray Operation

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

_

Emergency 1
2

*AC Power 3

__

-

Class IE A
B

*DC Power -C
-

Emetgency A
Service B

*Vater P45 C
. _

ECCS Pu'ap
*Room Cooling

M39

* Indicates that the column identifier is dependent on the rov identifier



h

,

'p..

f

- [T Table 3.2.6-1
. %)

.
..

Reactor Core Isolation Cooling System, E51
Dependency-Matrix

RCIC System Operation

_

Class 1E A~ *
*

B

DC Pover C
-

* Indicates that the column identifier is dependent on the row identifier

:

^'
-;,

. .

s

.
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.

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

Table 3.2.7-1

Emergency Closed Cooling System, P42
Dependency Hatrix

Unit 1 Unit 1

IRAIN A 1 ECC TRAIN B 2 ECC

*Emergency 1
*

2

Ac Power 3
_

*Class lE A
B - *

Et Power C

__

*Emergency- A
*Service B

P45

* Indicates that the column identifier is dependent on the rov indentifier "

t

9 -

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



_ - _ - _ - _ _ _ _ _ _ _ - _ _ _

Table 3.2. 0-1

Emergency Service Vater System, P45
Dependency Matrix

No Dependencies Modeled

-

O

.

O

- - -- - --- --



Table 3.2.9-1

Service / Instrument Air System, P51/52
Dependency Hatrix

P51/52

Offsite *
Power

Nulcear
closed *

Cooling P43

-

* Indicates that the column identifier is dependent on the rov identifier.

O

9
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'b

l. , ~N. Table 3.2.10-1
LJ

Safety Re' lated Instrument Air System, P57
Dependency Hatrix

P57

Emergency 1 *
2 *

AC Power-3
.

.0ffsite
Pover *

.

* Indicates that the column identifier is dependent on the row identifier

O ,-t
\__/

|'i

g-

t

|.

i .,

| :-
-

i-

!
l-

.-

., ,

,

._

p
1'



_____ - ___ _ _ _ _ _ _

,

Table 3.2.11-1

Fire Protection System, P54
Dependency Matrix

Diesel Driven Fire Pump Injection to RPV

..

Residual Heat -

Removal E12 *

Notes (Various E12
Hanual Valves Are

Only Required)

ESV P45
Notes (Various P45 *

Manual Valves Are
Only Required)m

O

* Indicates that the column identifier is dependent on the row identifier.

.

@-

__ --
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_ _ _ _ _ _ _ _ _ _ _

Table 3.2.12-1

D.C. Electrical System, R42
Dependency Matrix

Division I Division II Division III
125 VDC 125 VDC 125 VDC (HICS)

Emergency 1 *
2 *

AC Power 3 *

--

* Indicates that the column identifier is dependent on the rov identifier

-

O
,

4

9

. O

.
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..

Table 3.2.13-1
.

AC Power
Standby Diesel Generator System, R43

fligh Pressure Core Spray Diesel Generator System, E22B
Dependency Hatrir

Division 1 Division 2 Division 3 ;

Diesel Generator Diesel Generator HPCS Diesel

a

Class IE A *
B *

DC Power C *

. _ _ .

._

Emergency 4 *

Service B *
Vater P45 C *

_ _ _

* Indicates that the column identifier is dependent on the ' cow identifier

~

t

-

,

9

-- -
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Table 3.2.14-1

Suppression Pool Hake Up System, G43
Dependency Hatrix

Train A Train B

*Emergency 1
2 *

AC Power 3

,
.=

* Indicates that the columa identifier is dependent on the rov identifier

.

O.

.
.

.

.

5

O

_- _ -_- - - -_ _ _ --- _ -- _ _-_-_-_



Table 3.2.14-2

isryvell Vacuum Relief System, M16
Dependency Matrix

Motor Operated Sving Check
Valves Valves

Eraergency 1 *

2 *

AC Power 3

* Indicates that the column identifier is dependent on the row identi' er

i

9

O
|
|

|



_ _ _ _ _ _ _ _

i

- Table 3.2.15-1

Diesel Generator Building Vetitilation System, H43
Dependency Hatrix

DGBV Div 1 DGBV Div 2 DGBV Div 3
,

_

*teiergency 1
2 *

*AC Power 3

(- * Indicates that the column identifier is dependent un the rov identifier

O

-
,

,

O.

-

-4- _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. _ - _ _ _ _ - -

%

Table 3.2.16-1

Alternate injection System
Dcpendency riatrix

Condensate Transfer
_

Alternate Injection

Offsite Power *

.

(This is an RHR system*Emergency 1
dependency)2 *

AC Power 3

Inst Air
PS2 *

9
* Indicates that the column identifier is dependent on the rov identifier

9

-

- - - _ _ - _ _ - _ _ _ _
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Table 3.2.17-1

Cec.tainment Venting System, D23
Dependency Hatrix

!

Fuel Fool Cooling and R!iR Containment Spray
Cleanup Venting Venting

_

* *Emergency 1
2 * *

AC Power 3 ,

.s

* Indicates that the column identifier is dependent on the row identif.eri

.

O

- -- _



Tabic 3.3.2-1 BASIC EVENT DATA BASF; |h
Event Point Est Desc rip tion

A 1.00E-004 LARGE LOSS OF COOLANT ACCIDENT (LARGE LOCA)
ADADUMA 2.04E-003 DIVISION 1 ADS UNAVAILABLE DUE TO TEST & MAIh"rENANCE
ADADUM3 2.04E-003 DIVISION 2 ADS UNAVAILABLE DUE TO TEST & MAINTENANCE
ADCLDECHNLALOGIC 1.60E-003 DIVISION 1 ACTUATION LOGIC FAILS
ADCLDECHNLBLOGIC 1.60E-003 DIVISION 2 ACTUATION LOGIC FAILS
ADCVCCADSNC 1.00E-00S 1B21-F0039 VALVES COMMON CAUSE FAIL TO CLOSE
ADCVCCNONADSNC 1.00E-005 1B21-F036 VALVES COMMON CAUSE FAIL TO CLOSE
ADCVN01B21F0032A 1.00E-004 IB21-F0032A CHECK VALVE NC - FAILS TO OPEN
ADCVN01B21F0032B 1.00E-004 IB21-F0032B CHECK VALVE NC - FAILS TO OPEN
ADHICPC5-1-ADS-A 2.79E-003 OPERATOR FAILS TO INHIBIT ADS ATVS V/ FEEDVATER
ADHICPC5-1-ADS-I 3.60E4000 OPERATOR FAILS TO INHIBIT ADS ATVS V/0 FDV & IORV
ADHICPC5-1-ADS-L 3.60E-002 OPERATOR FAILS TO IN8TBIT ADS ATVS V/ LOOP
ADHICPC5-1-ADS-0 7.20E+000 OPERATOR FAILS TO INdIBIT ADS ATVS V/0 FEEDVATER
ADHICPEC2-ADS-LR 9.99E-005 FAILS TO RECOVER FROM RPV DEPRESS CD FAILURE
AD!!ICPEC2-ADS-R 1.00E-001 FAILS TO RECOVER FROM RPV DEPRESS CD FAILURE
ADHICPEC2-ADS-T 1.00E-003 FAILS TO EMERGENCY RPV DEPRESS TRANSIENT
ADHICPEC5-ADS-FL 7.00E-003 FAILS TO EMERGENCY RPV DEPRESS - ATVS V/FDV 6 LVL CNTRL
ADHICPE05-ADS-FX 1.40E-002 FAILS TO EMERGENCY RPV DEPRESS - ATVS V/FDV & NO LVL CNT
ADSRCCADS 8.00E-006 ADS VALVES COMMON CAUSE FAILURE
ADSRCCNONADS 1.00E+000 NON-ADS VALVES COMMON CAUSE FAILURE
ADSRN01B21F0041A 1.00E-002 1B21-F0041 A SAFETY RELIEF VALVE NC - FAILS TO OPEN
ADSRN01B21F0041B 1.00E-002 1821-F0041B SAFETY RELIEF VALVE NC - FAILS TO OPEN
ADSRN01B21F0041E 1.00E-002 IB21-F0041E SAFETY RELIEF VALVE NC - FAILS TO OPEN
ADSRN01B21F0041F 1.00E-002 IB21-F0041F SAFETY RELIEF VALVE NC - FAILS TO OPEN
ADSRN01B21F0047D 1.00E-002 1B21-F0047D SAFETY RELIEF VALVE NC - FAILS TO 0FFN
ADSRN01B21F0047H 1 00E-002 1B21-F0047H SAFETY RELIEF VALVE NC - FAILS TO OPEN
ADSRN01B21F0051C 1,00E-002 1821-F0051C SAFETY RELIEF VALVE NC - FAILS TO OPEN
ADSRN01B21F0051G 1.00E-002 1B21-FOO51G SAFETY RELIEF VALVE NC - FAILS TO OPEN
ARI 1.00E-002 ALTERNATE ROD INSERTION FAILS
ASABLFOP61B0001A 5.00E-002 OP61-B0001A AUXILIARY BOILER FAILS TO FUNCTION
ASABLF0P61B0001B 5.00E-002 OP61-B0001B AUXILI ARY BOILER FAILS TO FUNCTION
C 1.00E-005 REACTOR SCRAM CONTROL RODS IN
C108B 0.00E+000 COMPLEMENT TO C108
CAHICPI008-4:2 1.00E-003 OPERATORS FAIL TO SHIFT CONDENSER AIR REMOVAL TO VP & AB
CAVPFR1962C0001A 7.20E-004 1N62-C0001A VACUUM PUMP FAILS TO RUN
CAVPFRIN62C0001B 7.20E-004 1N62-C0001B VACUUM PUMP FAILS TO RUN
CAVFFSIN62C0001A 2.93E-003 1N62-C0001A VACUUM PUMP FAILS TO START
CAVPFSIN62C0001B 2.93E-003 IN62-C0001B VACUUN PUMP FAILS TO START
CBMVFC1M17F0015 2.40E-006 1M17-F0015 MOTOR VALVE NO - FAILS CLOSED
CBMVFC1H17F0025 2.40E-006 1M17-F0025 MOTOR VALVE NO - FAILS CLOSED
CBMVFC1M17F0035 2.40E-006 IM17-F0035 MOTOR VALVE NO - FAILS CLOSED
CBMVFC1M17F0045 2.40E-006 1M17-F0045 MOTOR VALVE NO - FAILS CLOSED
CBVBCC 3.44E-004 M17 VACUUM BREAKERS COMMON CAUSE FAILURES
CBVBF01H17F0010 3.44E-003 1H17-F0010 VACUUM BREAKER NC - FAILS TO OPEN
CBVBF01M17F0020 3.44E-003 1M17-F0020 VACUUM BREAKER NC - FAILS TO OPEN

| CBVBF01M17F0030 3.44E-003 IM17-F0030 VACUUM BREAKER NC - FAILS TO OPEN
| CBVBF01M17F0040 3.44E-003 1M17-F0040 VACUUM BREAKER NC - FAILS TO OPEN

CCCCLFA 0.00E+000 CONTROL COMPLEX CHILLED VATER TRAIN A TRIPS h
CCCCUMA 0.00E+000 CCCV TRAIN A UNAVAILABLE DUE TO MAINTENANCE
CCCCUMB 0.00E+000 CCCV TRAIN B UdAVAILABLE DUE TO MAINTENANCE



.. .._ ___

j.: 3.gr
_

! Table 3.3.2.1 BASIC EVENT DATA BASZ

Event Point Est
_

Description
,,

CCCCUMC 0.00E+000 CCCV TRAIN C UNAVAILABLE SUE TO MAINTENANCE
CCCHCC 0.00E4000 CHILLERS COMMON CAUSE FAILURE
CCCHFROP47B0001A 0.00E+000 0F47-80001A CHILLER FAILS TO RUN

JCCCRFROP4780001B- 0.00E+000 OP47-B0001B CHILLER FAILS TO RUN
CCCFFROP47B0001C - 0.00E4 000 OP47-B00010 CHILLER FAILS TO RUN
CCCHFSOP47B0001A 0.00E+000' OP47-B0001A CHILLER FAILS TO START
CCCilFSOP47B0001B 'O.00E+000- OP47-B0001B CHILLER FAILS TO START

J' CCCHFS0P47B00010 0.00E+000 OP47-B0001C CHILLER FAILS TO START
" CCHICP- 0.00E+000 OPERATOR FAILS TO BYPASS LLCA SIGNAL IN 4.5 HOURS

CCHICFSP47-5:4 0.00E4000' OPERATOR FAILS TO REALIGN CCCV LOOP C IN 4.5 HOURS
'CCMPCC 0.00E+000 CCCV MOTOR PIMP COMMON CAUSE FAILURES
CCMPFROP47C0001A 3.00E-011 OP47-C0001A tJTOR PUMP FAILS TO RUN
CCMPFROP47C0001B 3.00E-011 OP47-C0001B MOTOR PUMP FAILS TO RUN
CCMPTROP47C0001C 3.00E-011 GP47-C0001C MOTOR PUMP FAILS TO RUN
CCMPFS0P47C0001A 2.93E-003 OP47-C0001A MOTOR PUMP FAILS TO START
CCMPFSOP47C0001B 2.93E-003 OP47-C0001B MOTOR PUMP FAILS TO START
CCMPFSOP47C0001C 2.93E-003 OP47-C0001C MOTOR PUMP FAILS TO START
CCMVNCOP47F0550 2.93E-003- OP47-F0550 MOTOR VALVE FAILS TO CLOSE - NO

iCCMVNCOP47F0551 2.93E-003- OP47-F0551 -MOTOR VALVE FAILS 10 CLOSE - NO
CCTRNARECOVERED4 0.00E+000 CCCV TRAIN A RECOVERED IN 4 HOURS
CDHICPPS2:1-XH11 1.00E-001 OPERATOR FAILS TO BYPASS THE RHR LOCA SIGNAL - XH11

j'' CDHICPPS2:1-XH12 1.00E-001' OPERATOR FAILS TO BYPASS THE RHR LOCA SIGNAL - XH12
LN-}CDHICPPS2:1-XH1X1.00E-003 OPERATOR FAILS TO BYPASS THE RHR LOCA SIGNAL - XH1X

CE- 2.00E-005 ELECTRICAL FAILURE ROD INSERTION SIGNAL
CFL 1.00E+000 CORTAINMENT. FAILS DUE TO EXTERNAL PRESSURE
CICLDEISOLOGIC- 1.60E-003' FLOOD PROTECTION ACTUATION LOGIC

: CICLLFIN71F0020A 1.25E-004 1N71-F0020A CONTROL LOGIC FAILS TO FUNCTION
. CICLLF1N71F0020B 1.25E-004 1N71-F0020B CONTROL LOGIC FAILS TO FUNCTION
-CICLLFIN71F0020C 1.25E-004 1N71-F0020C CONTROL LOGIC FAILS TO FUNCTION
CICLLF1N71F0030C 1.2SE-004 1N71-F0030C CONTROL LOGIC FAILS TO FUNCTION
CICLLFIN71F0030D 1.25E-004 1N71-F0030D CONTROL LOGIC FAILS TO FUNCTION
CICLLFIN71F0140A 1.25E-004 1N71-F0140A CONTROL LOGIC FAILS TO FUNCTION
CICLLF1N71F0140B 1.25E-004 IN71-F0140B CONTROL ~ LOGIC FAILS TO FUNCTION

~ CICLLFIN7.1F0140C 1.25E-004 1N71-F0140C CONTROL LOGIC FAILS TO FUNCTION
CICLLF1N71 0140D 1.25E-004 1N71-F0140D CONTROL LOGIC FAILS TO FUNCTION
CIMVLF1N71F0030A: 5.00E-001 IN71-F0030A. VALVE FAILS DUE TO PIPE BREAK

- CIMVLFIN71F0030B 2.50E-001- IN71-F0030B VALVE FAILS DUE TO PIPE BREAK
CIMVNCIN71F0020A' 2.93E-003 1N71-F0020A MOTOR VALVE FAILS TO CLOSE - NO
CIMVN';1N71F00208 2.93E-003 1N71-F0020B MOTOR VALVE FAILS TO CLOSE - NO

. CIMVNCIM71F0020C 2.93E-003 1N71-F0020C MOTOR VALVE FAILS TO CLOSE - NO
CIMVNCIN71F0030C- 2~93E-003 1N71-F0030C MOTOR VALVE FAILS TO CLOSE - NO.

CIMVNCIN71F0030D 2.93E-003 1N71-F0030D MOTOR VALVE FAILS TO CLOSE - NO
- CIMVhCIN/1F0140A. 2 93E-003 1N71-F0140A MOTOR VALVE FAILS TO CLOSE - NO

_
.

CIMVNCIN71F0140B 2.93E-003 IN71-F0140B MOTOR VALVE FAILS TO CLOSE - NO
CIMVNCIN71F0140C 2.93E-003 1N71-F0140C MOTOR VALVE FAILS TO CLOSE - NO
CIMVNC1N71F0140D 2.93E-003 1371-F0140D MOTOR VALVE FAILS TO CLOSE - NO

(''g CH 1.00E-005 MECHANICAL FAILURE CONTROL RODS
4 ,/CNAVF01N21F0220 2.40E-006 IN21-F0220 AIR VALVE NC - FAILS OPENi

CNAVF01N27F0305 2.40E-006 IN27-F0303 PNEUMATIC VALVE NC - FAILS OPEN
CNAVNCIN21F0230 2.00E-003 1N21-F0230 PNEUMATIC VALVE NO - FAILS TO CLOSE .

n



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

Tabic 3.3.2-1 BASIC EVENT DATA _ BASE

Event Point Est Desed,ption

CNMVN01N27F0200 2.43E-003 1N27-F0200 HOTOR VALVE NC - FAILS TO OPEN
CHXVN01N27F0508 1.00E-004 1N21-F0508 HANUAL VALVF NC - FAILS TO OPEN
CNXVN01P81F0553 1.00E-004 1P81-F0553 HANUAL VALVE NC - FAILS TO OPEN
CSCLDEA 1.60E-003 TRN A CNTNHNT SPRAY ACTUATION LOGIC llARDVARE FAILURE
CSCLDEB 1.60E-003 TRN B CNTNHNT SPRAY ACTUATION LOGIC HARDVARE FAILURE
CSHICPET-2 P-1 1.70E-002 OPERATOR FAILS TO INITIATE RHR CONTAINHENT SPRAY
CSHICPET-2 P-1-A 1.70E-002 OPERATOR FA7bd TO INITI ATE TRH A RHR CONTAINHENT SPRAY
CSHICPET-2:P-1-B 1.70E-002 OPERATOR FAILS TO INITI ATE TRN B RHR CONTAINHENT SPRAY
CSHVCC 9.2SE-005 CNTNHNT SPRAY VLVS COMMON CAUSE FAILURE
CSHVNCIE12F0042A 2.93E-003 1E12-F0042A HOTOR VALVE NO - FAILS TO CLOSE
CSHVNC1F12F0042B 2.93E-003 1E12-F0042B HOTOR VALVE NO - FAILS TO CLOSE
CSHVN01E12F0028A 2.93E-003 1E12-F0028A HOTOR VALVE NC - FAILS TO OPEN
CSHVN01E12F0028B 2.93E-003 1E12-F0028B HOTOR VALVE NC - FAILS TO OPEN
CSHVN01E1210537A 2.93E-003 1E12-F0537A HOTOR VALVE WC - FAILS TO OPEN
CSHVN01E12F0537B 2.93E-003 1E12-F0537B HOTOR VALVE NC - FAILS TO OPEN
CSPXCCCNT 9.59E-006 CONTAINHENT PRESS COMMON CAUSE HISCALIBRATION

CSPXDE1E12N0662A 9.59E-005 1E12-N0662A CNT PRS PRESSURE INSTRUMENT FAILS TO FUNCTION
CSPXDE1E12N0662B 9.59E-005 1E12-N0662B CNT PRS FRESSURE INSTRUMENT FAluS Tn FUNCTION
CSPXDE1E12N0662C 9.59E-005 1E12-H06f2C CNT PRS PRESSURE INSTRUMENT FAILS TO FUNCTION
CSPXDE1E12N0662D 9.59E-005 1E12-N0662D CNT PRS PRESSURE INSTRUMENT FAILS TO FUNCTION
CSTILF1E12K93A 2.93E-004 1E12-F93A TIME DELAY RELAY FAILS 10 FUNCT*0N
CSTILFIE12K93B 2.93E-004 1E12-K93B TIME DELAY RELAY FAILS Ta *0NCTION
CTAVN01E12F0300A 2.00E-003 1E12-F0300A AIR VALVE NC - FAILS TO OPEN

i

CTAVN01E12F0300B 2.00E-003 1E12-F0300B AIR VALVE NC - FAILS TO OPEN
CTCLLF1P1100001A 1.25E-004 1P11-C0001 A CONTROL LOGIC FAILS TO FUNCTION
CTCLLF1P11C0001B 1.25E-004 1P11-C0001B CONTROL LOGIC FAILS TO FUNCTION
CTCTUH1P11C00NA 5.00E-002 CTS PUMP 1P11-C001A UNAVAILABLE DUE TO HA1NTENANCE
CTCTUH1P11000':B 5.00*-002 CTS PUMP 1P11-C001B UNAVAILABLE DUE TO HAINTINANCE
CTCVN01E12F0063A 1.00E-004 1012-F0063A CHECK VALVE NC - FAILS TO OPEN
CTCVN01E12F0063B 1.00E-004 1E12-F0063B CHECK VALVE NC - FAILS TO OPEN
CTHICPPS4:4-ALT 1.00E-001 OPERATOR FAILS TO ALIGN CONDENSATE XFER ALT INJECTION
CTCCPPS4:4-ALT 6 1.00E-003 OPERATOR FAILS TO ALIGN CONDENSATE TRANSFER IN 6 HOURS
CinaCPPS4:4-ALTC 3.00E-001 OPERATOR FAILS TO ALIGN CONDENSATE XFER ALT INJECTION
CTHICC 2.93E-004 CTS PUMP COHWON CAVSE FAILURE
CTMPFR1P1100001A 7.20E-004 1P11-C0001 A MOTOR PitHP FAILS TO RUN
CTMPFR1P1100001B 7.20E-004 1P11-C0001F HOTOR PUFP FAILS TO RUN
CTHPFS1P'.1C0001A 2.93E-003 1P11-C00F.A HOTOR FUMP FAILS TO START
CTHPFS1P11C0001B 2.93E-003 1P11-C0001B HOTOR PUMP FAILS TO START
CTSVLCIE12F0301A 2.40E-006 1E12-F0301A SOLEN 0ID VALVE FAILS TO FUNCTION
CTSVLC1E12F0301B 2.40E-006 IE12-F0301B S0LEN0ID VALVE FAILS TO FUNCTION
CTSVLFiE12F0301A 2.00E-003 IE12-F0301A SOLEN 0ID VALVE FAILS TO FlmCTIONg
CTSVLF1E12F0301B 2.00E-003 1E12-F0301B SOLEN 0ID VA!VE FAILS TO FUNCTION

i

CV01 4.30E-001 COBE VULNERABLE HFCS DIR1ATING
CV02 2.60E-001 CORE VULNERABLE LOV PRESS INJ OPER

# CV03 4.00E-002 CORE VULFERABLE FDV OPERATING
CV04 0.00E4000 "P'E VULNERABLE INJ OUTSITE AB
CV05 1.40E-001 .E VULNERABLE ANCHORATT FAILURE4

CVCLLF1E12S6LA 1.i3E-004 CONTAINHERf SPRAY A CONTn0L LOGIC SEAL-IN RESET FAILS |f
CVCLLF1E12564B 1.25E-004 CONTAINMENT SPRAY B CONTROL LOGIC SEAL-IN RESET FAILS
CVCLLF1G41F0140 1.25E-004 1C41-F0140 CONTROL LOGIC FAILS

- - - -

_ _ _ _ _ _ _
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CVCLLF1041F0145 1.25E-004 1G41-F0145 CONTROL LOGIC FAILS I

CVHICPEPC-COM 1.00E-003 FAILS TO INITIATE CNTNHNT PRESS CNTRL RRR AND VFNT
,

CVHICPEPC-FPCC 1.00E-001 FAILS TO INITIATE CNTNHNT PRESS CNTRL VENTING i

CVHICPEPC-RHR 1.000-002 FAILS TO INITIATE CNTNHNT PRESS CNTRL RHR
I CVHICPEPC-RHR-E 1.00E-001 FAILS TO JNITIATE CNTNHNT PPESS CNTRL RHR - S.P. CLNG

CVh1CPPS7-RilR 1.00E-005 OPERATOR FAILS TO INITIATE RHR CONTAINHENT VENTING
CVHICPPS7:1 P-T 1.00?-010 OPERATOR FAILS TO PREPARE FOR RliR CNTNHNT VENT - TRAN

'T 9.99E-005 OPERATOR FAILS TO ALIGN FPCC FOR CNTNHNT VENT - TRANCVilICPP97 :3. -

CVHICPPS7:4E12-T 9.99E-005 OPERATOR FAILS TO ALIGN RER FOR CNTNHNT VENT - TRAN
CVHICRPS7:3G41-T 5.00E-002 OPERATOR IS UNABLE TO LOCALLY OPEN 1G41-F0145
CVHVIG41F0140FC 3.13E-001 FRACTION OF TIME IN SB0 THAT DG STARTED BEFORE FI.iLING
CVMV1G41F0140FC3 6.87E-001 FRACTION OF T!HE IN SB0 TilAT DJ DID NOT START
CVHVNCIE12F0003A 2.93E-003 1E12-F0003A HOTOR VALVE NO -FAILS TO CLOSE
CVHVNC1E12F0003B 2.93E-003 1E12-F0003B HOTOR VALVE NO - FAILS TO CLOSE
CVHVN01G41F0140 2.93E-003 1041-F0140 HOTOR VALVE FAILG TO OPEN l

-CVMVN01G41F0145 2.93E-003 1G41-F0145 MOTOR VALVE FAILS-TO OPEN |,

DBCLLF1H4300001A 1.25E-004; 1H43-C0001A CONTROL LOGIC FAILS TO FUNCTION |
DBCLLF1H43C0001B 1.25E-004 1H43-C0001B CONTROL LOGIC FAILS TO FUNCTION ,

DDCLLF1H43C0001C 1.25E-004 1H43-C00010 CONTROL LOGIC FAILS 10 FUNCTION |

DBCLLF1H43C0002B 1.25E-004 1H43-C0002B CONTROL LOGIC FAILS TO FUNCTION |
1.25E-004 1H43-C0002C CONTROL LOGIC FAILS TO FUNC110N |

O_DBCLLF1H43C0002CDBCLLFDIV1 TRAIN 1 1.25E-004 DG BLJG VENT DIV 1 CONTROL LOGIC TRN 1 FAILS TO FUNC
DBCLLFDIV1 TRAIN 2 1.25E-004 DG BLDG VENT DIV 1 CONTROL LOGIC TRN 2 FAIL 3 TO FUNC
DBCLLFDIV2 TRAIN 1 1.25E-004 DG BLDG VENT DIV 2 CONTROL LOGIC TRN 1 FAILS TO FUNC
DBCLLFDIV2 TRAIN 2' 1.25E-004- DG BLDG VENT DIV 2 CONTROL LOGIC TRN 2 FAILS TO FUNC
DBCLLUIV3 TRAIN 1 1.25E-004 DG BLDG VENT DIV 3 CONTROL LOGIC TRN 1 FAILS TO FUNC
DBCLLFDIV3 TRAIN 2 1.25E-004 DG BLDG VENT DIV 3 CONTROL LOGIC TRN 2 FAILS TO FUNC
DBLVCC 2.93E-005- DG BLDG VENT LOUVER COMMON CAUSE FAILURE
DBLVFC1H43FO?71A- 2.40E-006 1H43-FOO71A LOUVER NO - FAILS CLOSED
DBLVFC1H43F0071B 2.40L-006- 1H 3-F9071B LOUVER NO - FAILS CLOSED
DBLVN01H43F0070A 2.93E-003 1H43-F0070A LOUVER NC - FAILS-TO OPEN
DBLVN01H43F0070B' 2.93E-003 1H43-F0010B LOUVER NC - FAILS TO OPEN
DBLVN01H43F0070C 2.93E-003 1H43-F0070C LOUVER NC - FA7LS TO OPEN
DBLVN01H43F0071C 2.93E-003 1H43-F0071C LOUVER NO - FAILS CLOSED
DBLVN01H4370080A 2.93E-003 1H43-F0080A LOUVER NC - FAILS TO OPEN

'DBLVN0lH43F0080B' 2.93E-003 1H43-F0080B LOUVER NC - FAILS TO OPEN
.DBLVN01H43F0080C 2.93E-003 1H43-F0080C LOUVER NC - FAILS TO OPEN
DBLVN01H43F0081 A 2.93E-003 1H43 F0081A LOUVER NC - FAILS TO OPEN
DBLVN01H43F0081D 2.93E-003 1H43-F0081B LOUVER NC - FAILS TO OPEN
DBLVN01H43F0081C 2.93E-003 1H43-F0081C LOUVER NC - FAILS TO OPEN
DBMDCC 2.93E-005- DG BLDG VENT COMMON CAUSE HOTOR DAMPER FAILS '

DBMDFC3H43F0020A- 2.40E-006 IH43-F0020A-HOTOR DAMPER FAILS CLOSED
DBMDFC1H43F0020B 2.402-006 1H43-F00200 HOTOR DAMPER FAILS CLOSED
DBMDFC1H43F00200 2.40E-006 1H43-F00200 HOTOR DAMPER FAILS CLOSED
DBHDFC1H43F0030A 2.40E-006 1H43-F0030A HOTOR DAMTER FAILS CLOSED

3DRHDFC1H43F0030B- '2.40E-006 1H43-F0030B MOT 0R DAMPER FAILS CLOSED
DBMDFC1H43F0030C 2.40E-006' 1H43-F0030C HOTOR DAMPER FAILS CLOSED( DBHDFC1H43F0031A 2.40E-006 1H43-F0031A HOTOR DAHPER FAILS CLOSED
DBMDFC1H43F0031B 2.40E-006 1H43-F0031B HOTOR DAMPER FAILS CLOSEb
DBHDFC1H43F0031C 2.40E-006 1H43-F0031C HOTOR DAMPER FAILS CLOS '

-

!
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DBHDFC1H43F0220A 2.40E-006 1H43-F0220A HOTOR DAHrER FAILS CLOSED

DBMDFC1H43F0220B 2.40E-006 1H43-F0220B HOTOR DAMPER FAILS CLOSED

DRHDFC1H43F0220C 2.40E-006 1H43-F02200 HOTOR DAMPER FAILS CLOSED

DBHDFC1H43F0230A 2.40E-006 lb43-F0230A HOTOR DAMPER FAILS CLOSED

DBHDFC1H43F0230B 2.40E-006 1H43-F0230B HOTOR DAMPER FAILS CLOSED

DBHDFC1H43F0230C 2.40E-006 1H43-F0230C HOTOR DAHPER FAILS CLOSED

DBHDFC1H43F0231A 2.40E-006 1H43-F0231 A HOTOR DAMPER FAILS CLOSED

DBHDFC1H43F0231B 2.40E-006 1H43-F0231B HOTOR DAMPER FAILS CLOSED

DBMDFC1H43F0231C 2.40E-006 1H43-F0231C HOTOR DAMPER FAILS CLOSED

DBHFCC 2.93E-005 DG BLDG VENT H010R FAN COMMON HDDE FAILURE

DBNFFR1H43C0001A 1.20E-004 1K43-C0091A HOTOR FAN FAILS TO RUN

UBHFFR1H43C0001B 1.20E-004 1H43-C0001B HOTOR FAN FAILS TO RUN

DDHFFR1H43C0001C 1.20E-004 1H43-C0001C HOTOR FAN FAILS TO RUN

DBHFFR1H43C0002A 1.20E-004 iM43-C0002A HOTOR FAN FAILS TO RUN

DBNFFR1H43C0002B 1.20E-004 1H43-C0002B HOTOR FAN FAILS TO RUN

DBMFFR1H43C0002C 1.20E-004 1H43-C0002C HOTOR FAN FAILS TO RUN

DBMFFS1H43C0001A 2.93E-003 1H43-C0001 A HOTOR FAN FAILS TO START

DBNFFS1H43C0bD1B 2.93E-003 1H43-C0001B MOT 0k FAN FAILS TO START

DBHFFS1H43C0001C 2.93E-003 1H43-C0001C HOTOR FAN FAILS TO START

DBHFFS1H43C0002A 2.93E-003 1H43-C0002A HOTOR FAN FAILS TO START

DBHFFS1H43C00023 2.93E-003 1H43-C0002B HOTOR FAN FAILS TO START

DBHFFS1H43C0002C 2.93E-003 1H43-C0002C HOTOR FAN FAILS TO START

DPHFUNDIV1 1.36E-003 1M43-C001 A & C002A UNAVAILABLE D'JE TO HAINTENANCE

D3HFUHulV2 1.36E-003 1H43-C001B L C002B UNAVAILABLE D'JE TO HAINTENANCE

DBHFUNDIV3 1.36E-003 1H43-C001C & C002C UNAVAILABLE DUE TO HAINTENANCE

DCBCLC1E22S0006 2.40E-005 EFDIC BATTERY CHARGER HARDWARE FAILURE

DCBCLC1R4250006 2.40E-005 EFD1A BATTERY CHARCER HARDVARE FAILURE

DCBCLC1R4250007 2.40E-005 ED12A RES BATTERY CHARGER HARDVARE FAILURE

DCBCLC1R4250008 2.40E-005 EFD1B BATTERi CHARGER HARDVARE FAILURE y

DCBCLC1R4250009 2.40E-005 EDF12B RES BATTERY CHARGER HARDVARE FAILURE

DCBCLC1R42S0011 2.40E-005 EDF12C RES BATTERY CHARGER DARDVARE FAILURE '

DCBCLc2R4250006 2.40E-005 EDF2A EATTERY CHARGER HARDVARE FAILURE

DCBCLC2R42500L~ 2.40E-005 EFD2B BATTERY CHARGER HARDWARE FAILURE

DCDULC1R4250024 3.12E-006 ED-1- A 125 V DC BUS HARDVARE FAILURE

DCBDLC1R4250025 3.1?E-006 ED-1-B 125 V DC dVS HARDVARE FAILURE

DCLC LC1R4250037 3.12E-006 ED-1-C 125 V DC BUS HARDVARE FAILURE

DCBD6C2R4250024 3.12E-006 LD-2-A 125 V DC BUS CARDVARE FAILURE
DCBD;C2R4260025 3.12E-006 ED-2-B 125 V DC BUS HARDVARE FAILURE

DCBTCC 1.37E-005 BATTLRY COMMON CAUSE FAILURE

DCBTLC1E22S0005 1.37E-003 FAILURE OF DIV 3 BA1TERY 1E22-50005

DCBTLC1R4250002 1.37E-003 FAILURE OF DIV 1 BATTERY 1R42-30002

DCBTLC1R42S0003 1.37E-00? FAILURE OF DIV 2 BATTERY 1R42-S0003

DCBTLC2E22S0005 1.37E-003 FAILURE OF UNIT 2 DIV 3 BATTERY 1E22-S0005

DCBTLC2R4250002 1.37E 003 FAILURE OF UNIT 2 DIV 1 BATTERY 2R42-50002
DCBTLC2R4250003 1.37E-003 FAILURE OF UNIT 2 DIV 2 BATTERY 2R42-50003

DCBT'JH1E2250005 4.3BE-004 BATTERY 1E22-S0005 UNAVAILABLE DUE TO HAINTENANCE

DCBTUH1R4250002 4.38E-004 BATTERY 1R42-50002 UNAVAILABLE DUE TO HAINTENANCE

DCBTUMIRA250003 4.3BE-004 BATTERY 1R42-50003 UNAVa,LABLE DUE TO HAINTENANCE |h
DCBTUH2R4250002 4.38E-004 BATTERY 2R42-50002 UNAVAILABLE DUE TO MAINTENANCE

DCBTUH2R4250003 4.38E-004 BATTERY 2R42-S0003 UNAVAILABLE DUE TO MAINTENANCE

- - - - - - - - _ _ _ _ _ _ _ _
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DGBALC1R2250006 9.60E-005 EH12 6160 V AC BUS HARDVARE FAILURE
DGBALC1R2250007 9.60E-005 EH11 4160 V AC BUS HARDVARE FAILURE-
DGBALC1R2350009 9.60E-005 EF-1-A 480 V AC BUS HARDVARE FAILURE
DGBALC1R23S0010 9.60E-005 EF-1-B 480 V AC BUS HARDVARE FAILURE
DGBALC1R2350011 9.60E-005 EF-1-C 480 V AC BUS HARDVARE FAILURE

'

DGBALC1R23S0012 9.60E-005 EF-1-D 480 V AC BUS HARDVARE FAILURE
DGBALC1R2450029 9.60E-005 EF1E HCC HARDVARE FAILURE
DGBALC2R2350010 9.60E-005 EF-2-B 480 V AC BUS HARDVARE FAILURE
DGBALC2R23S0012 9.60E-005 EF-2-D 480 V AC BUS HARDVARE FAILURE
DCCLDEIR4350001A 1.60E-003 DIV 1 D/G ACTUATION LOGIC FAILURE
DGCLDE1R4350001B 1.60E-003 DIV 2 D/G ACTUATION LOGIC FAILURE
DGDGCC 3.67E-004 DIESEL GENERATOR COMMON H0DE FAILURE
DGDGFR1R4350001A 7.86E-003 DIVISION 1 DIESEL GENERATOR FAILS TO RUN
DGDGFR1R4350001B 7.86E-003 DIVISION 2 DIESEL GENERATOR FAILS TO RUN
DGDGFS1R43S0001A 3.00E-002 DIVISION 1 DIESEL CENERATOR / AILS TO START
DGDGFS1R4350001B 3.00E-002 DIVISION 2 DIESEL GENERATOR FAILS TO START
DGDGUMIR43S0001A 3.08E-002 DIV 1 D/G UNAVAILABLE DUE TO HAINTENANCE :

DGDGUH1R4350001B 3.08E-002 DIV 2 D/G UNAVAILABLE DUE TO HAINTENANCE
DGHICPOS11-2:5 1.*$E-003 OPERATOR FAILS TO INITIATE DIESEL GENERATORS
DGHICPOS11-2:5:A 1.25E-003 OPERATOR FAILS TO INITIATE DIV 1 D/G

. .DCHICPOS11-2:5B 1.25E-003 OPERATOR FAILS TO INITIATE DIV 2 D/G
- DGHIHASR43-4 1:A 0.00E+000 FAILURE TO RESTORE FOLLOVING MAINTENANCE

DGHIHASR43-4:1 B 0.0034000 FAILURE TO RESTORE FOLLOVING MAINTENANCE-

| DGHXyL1R46B0002A 2.05E 003 1R46-80002A HEAT EXCHANGER PLUGS
DGHXPL1R46B0002B 2.05E-003 1R46-B0002B HEAT EXCHANGER PLUGS
DHBALC1R22S0009 9.60E-005 EH13 4160 V AC BUS HARDVARE FAILURE-

DHCLDE1E225000: 1.60E-003 DIV 3 D/G ACTUATION LOGIC FAILURE
DHDGFRIE2250001 7.86E-003 DIVISION 3 DIESEL CENERATOR FAILS TO RUN

-DHDGFSIE2250001 3.00E-002 DIVISION 3 DIESEL GENERATOR FAILS TO START ;

DHDGUH1E2250001 2.43E-002 DIV 3 D/G UNAVAILABLE DUE TO HAINTENANCE
DHHICPOS11-2:5:C 1.25E-003 OPERATOR FAILS TO INITIATE DIV 3 D/G
DHHIMASE22B-4:1 0.00E4000 FAILURE TO RESTORE-F0LLOVING MAINTENANCE
DHHXPLIE22S0001 2.0$E-003 1E22-S0001 HEAT EXCHANGER PLUGS
DHCLLF1H43C0002A- -1.25E-004 1H43-C0002A CONTROL LOGIC FAILS TO FUNCTION'

DVMVCC 9.75E-005 H16 VACUUH BREAKERS COMMON CAUSE FAILURES

DVMVN01H16F0010A 2.93E-003 1H16-F0010A-HOTOR VALVE NC - FAILS TO OPEN

| DVHVN01H16F0010B 2.93E-003 1H16-F0010B HOTOR VALVE NC - FAILS TO OPEN
DVVBN01M16F0020A 1.00E-004 1H16-F0020A VACUUM BREAKER NC - FAILS TO OPEN

.DVVBN01H16F0020B- 1.00E-004 1H16-F0020B VACUUH BREAKER NC - + AILS TO OtEN
E1DGACFH1112 2.00E-001 FAILURE'TO RESTORE DIV 1 DIESEL GEN IN 12 POURS
E1DGACEH1124 2.00E-001 FAILURE TO RESTORE DIV 1 DIESEL CEN IN 24110URS
E1DGACEH116 6.00E-001 FAILURE TO EESTORE DIV 1 DIESEL GEN IN 6 HOURS
E1DGACEH118 5.00E-001 FAILURE TO RESTORE DIV 1 DIESEL GEN IN 8 HOURS
E2DGACEH1212 2.00E-001- ' FAILURE TO RESTORE DIV 2 DIESEL GEN IN 12 Il0URS
E2DGACEH1224 2.00E-001 FAILURE TO RESTORE DIV 2 DIESEL GEN IN 24110URS

l E2DGACEH126 6.00E-001 FAILURE TO RESTORE DIV 2 DIESEL CEN IN 6 HOURS '

| E2DGACEH128 5.00E-001 FAILURL TO RESTORE DIV 2 DIESEL GEN IN C HOURS'

ECCLLFIP4200001A 1.25E-004 1P42-C0001A CONTROL LOGIC FAILS TO FUNCTION| s

ECCLLF1.42C0001B 1.25E-004 1P42-C0001B CONTROL LOGIC FAILS TO FUNCTION'

ECCVN01P42F0519A 1.00E-004 1P42-F0519A CHECK VALVE NC - FAILS TO OPFN

!
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ECCVN01P42F0519B 1.00E-004 1P42-F0519B CHECK VALVE MC - FAILS TO OPEN
ECECUMA 1.98E-002 ECC TRAIN A UNAVAILABLE DUE TO HAINTENANCE
ECECUMB '4 . 9 B E - 002 ECC TRAIN B UNAVAILABLE DUE TO MAINTENANCE
ECHICPSP42-4:2 5.00E-002 OPERATOR FAILS TO CLOSE VALVE OP42-F0150A(B)
ECHICPSP42-4: 2A 5.00E-002 OPERAIOR FAILS TO CLOSE VALVE OP42-F0150A
ECHICPFP42-4:2B 5.00E-002 OPERATOR FAILS TO CLOS" VALVE OP42-F0150B
ECHICPSP42-4PMP 5.00E-002 OPERATOR FAILS TO INITIATE PUMP 1P42-C0001A(B)
ECHICPSP42-4 PHPA 5.00E-002 OPERATOR FAILS TO INITIATE PUMP 1P42-C0001A
ECHICPSP42-4PHPB 5.00E-002 OPERATOR FAILS TO INITIATE PUMP 1P42-C0001B
ECilIMASP42 4: 1A 0.00E+000 ECC TRAIN A NOT RESTORED FOLLOVING MAINTENANCE
LCilIMASP42 4: 1B 0.00E4000 ErC TRAIN B NOT RESTORED FOLLOVING MAINTENANCE
ECHXPL1P42B0001A 2.05E-003 1P42-B0001A HEAT EXCllANGER PLUGS
ECilXPL1P42 B0001B 2.05E-003 IP42-B0001B llEAT EXCHANGER PLUGS
ECHPCC 1.19E-005 ECC MOTOR PUMP COMMON CAUSE FAILURE ,

ECMPFR1P42C0001A 7.20E-004 1P42-C0001A HOTOR PUMP FAILS TO RUN
ECHPFR1P4200001B 7.20E-004 1P42-C0001B HOTOR PUMP FAILS TO RUN
ECHPFS1P42C0001A 2.93E-003 1P42-C0001A HOTOR PUMP FAILS TO START
ECHPFS1P42C0001B 2.43E-003 1P42-C0001B HOTOR PUMP FAILS TO START
ECMVCC OL'e5E-005 ECC MOTOR VALVE COMMON CAUSE FAILURE
ECMVNCOP42F0150A 2.93E-003 OP42-F0150A HOTOR VALVE NO - FAILS TO CLOSE
ECHVNCOP42F0150B 2.93E-003 OP42-F0150B HOTOR VALVE NO - FAILS TO CLOSE
ECXVPLIP42F0515A 4.50E-005 1P42-F0515A MANUAL VALVE PLUGS g
ECXVPL1P42F0515B 4.50E-005 1P42-10515B HANUAL VALVE PLUGS T
ECKVPL1P42F0520A 4.50E-005 1P42-F0520A MANUAL VALVE PLUGS
ECXVPL1P42F0520B 4.50E-005 1P42-F0520B HANUAL VALVE PLUGS
ECKVPL1P42P0527A 4.50E-005 1P42-F0527A HANUAL VALVE PLUGS
ECXVPL1P42F0527B 4.50E-005 1P42-F0527B MANUAL VALVE PLUGS
ECXVPLIP42F0555A 4.50E-005 1P42-F0555A MANUAL VALVE PLUGS
ECXVPL1P42F0555B 4.50E 005 1P42-F0555B MANUAL VALVE PLUGS
ECKVPLIP42F0555C 4.50E-005 1P42-F0555C HANUAL VALVE PLUGS
ECXVPL1P42F0558A 4.50E-005 1P42-F0558A MANUAL VALVE PLUGS
ECXVPLIP42F0558B 4.50E-005 1P42-F0558B HANUAL VALVE PLUGS
ECXVPL1P42F0558C 4.50E-005 1P42-F0558C MANUAL VALVE PLUGS
EPCLLF1M39B0001A 1.25E-004 1H39-B0001A CONTROL LOGIC FAILS TO FUNCTION
EPCLLF1H39B0001B 1.25E-004 1M39-B0001B CONTROL LOGIC FAILS TO FUNCTION
EPCLLF1H39B0002 1.25E-004 1M39-B0002 CONTROL LOGIC FAILS TO FUNCTION
EPCLLF1H39B0003 1.2SE-004 1H39-B0003 CONTROL LOGIC FAILS TO FUNCTION
EPCLLF1H39B0004 1.25E-004 1M39-B0004 CONTROL LOGIC FAILS TO FUNCTION
EPCLLF1H39B0006 1.25E-004 1H39-B0006 CONTROL LOGIC FAILS TO FUNCTION
EPEPUHHPCS 1.63E-003 ECCS FMP RH CLNG FOR HPCS UNAVAIL DUE TO HAINTENANCE
EPEPUMLPCIA 1.63E-003 ECCS PHP RM CLNG FOR LPCI A UNAVAIL DUE TO MAINTENANCE
EPEPUMLPCIB 1.63E-003 ECCS PHP RM CLNG FOR LPCI B UNAVAIL DUE TO MAINTENANCE
EPEPUMLPCIC 1.63E-003 ECCS PHP RM CLNG FOR LPCI C UNAVAIL DUE TO HAINTFNANCE
EPEPUMLPCS 1.63E-003 ECCS PHP RM CLNG FOR LPCS UNAVAIL DUE TO MAINTENANCE
EPEPUMRCIC 1.6JE-003 ECCS PMP RM CLNG FOR RCIC UNAVAIL DUE TO HAINTENANCE
EPFACCEPRCS 3.75E-006 ECCS PHP RM CLNG COMMON MODE COOLER FAILURE
EPFAFR1H39B0001A 3.00E-004 1H39-B0001 A FAN FAILS TO RUN |hEPFAFR1M39B0001B 3.00E-004 1M39-B0001B FAN FAILS TO RUN
EPFAFR1M39B0002 3.00E-004 1M39-B0002 FAN FAILS TO RUN
EPFAFR1M39B0003 3.00E-004 1M39-B0003 FAN FAILS TO RUN

-- -- -
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EPFAFR1H39B0004 3.00E-004 1H39-B0004 FAN FAILS TO RUN
EPFAFR1H39B0006 3.00E-004 1H39-B0006 FAN FAILS TO RUN
EPFAFSIM39B0001A 3 75E-004 1H39-B0001A FAN FAILS TO START
EPFAFS1H39B0001B 3.75E-004 1H39-B0001B FAN FAILS TO START
EPFAFS1H39B0002 3.75E-004 1M39-B0002 FAN FAILS TO S'anRT
EPTAFS1H39B0003 3.75E-004 1H39-B0003 FAN falls TO START
EPFAFS1M39D0004 3.75E-004 1H39 B0004 FAN FAILS TO START
EPFAFS1H39B0006 3.75E-004 1H39-B0005 FAN FAILS TO STA!.T
EPXVPLIP42F0537 4.50E-005 1P42-F0537 MANUAL VALVE PLUGS
EPXVPL1P42F0541 4.bOE-005 1P42-F0541 HANUAL VALNE PLUGS
EPXVPL1P42F0563A 4.50E-005 1P42-F0563A MANUAL VALVE PLUGS
EPXVPL1P42F0563B 4.50E-005 1P42-F0563B MANUAL VALVE PLUGS
EPXVPL1P42 F' 563C 4.50E-005 1P42-F0563C MANUAL VALVE PLUGS
EPXVPL1P42F056/A 4.50E-005 1P42-F0567A MANUAL VALVE PLUGS
EPXVPL1P42F0567B 4.50E-005 1P42-F0567B MANUAL VALVE PLUGS
EPXVPL1P42 F0567C 4.50E-005 1P42-F0567C MANUAL VALVE PLUGS
EPXVPL1142POS68 4.50E-005 1P42-F0568 MANUAL VALVE PLUGS
EPXVPL1P4210572 4.50E-005 1P42-F0572 MANUhL VALVE PLUGS
EPXVPL1?45F0514 4.50E-005 1P45-F0514 MANUAL VALVE PLUGS
EPXVPL1P45F0518 4.50E-005 1P45-F0518 1:ANUAL VALVE PLUGS
ERCVN01P45F0575 1.00E-004 1P45-F0575 CHECK VALVE NC - FAILS TO OPEN

'

1.00E-002 OPERATORS FAIL TO ALIGN 11 VLVS FOR RPV INJECTION

O ERHICPPF4:2-ESVERXVN01P45F0572 1.00E-004 1P45-F0572 MANUAL VALVE NC - FAILS TO C''N
ERXVN01P45F0573 1.00E-004 1P45-F0573 MANUAL VALVE NC - FAILS TO OPEN
ESCLLF1P45C0001A 1.25E-004 1P45-C0001A CORTROL LOGIC FAILS
ESCLLF1P45C0001B 1.25E-004 1P45-C0001B CONTROL LOGIC FAILS
ESCLLF1P45C0002 1.25E-004 1P45-C0002 CONTROL LOGIC FAILS
ESCVN01P45F0501A 1.00E-004 1P45-F0501A CHECK VALVE NC - FAILS TO OPEN
LSCVN01P45F0501B 1.00E-004 1P45-F0501B CHECK VALVE NC - FAILS TO OPEN -

ESCVN01P45F0552 1.00E 004 1P45-F0552 CHECK VALVE NC - FAILS TO OPEN
ESESUHA 1.89E-002 ESV TRAIN A UNAVAILABLE DUE TO PAINTENANCE
ESESUMB 1.89E 002 ESV TRAIN B UNAVAILABLE DUE TO MAIRTENANCE
ESESUNC 9.37E-003 ESV TRAIN C UNAVAILABLE DUE TO HAINTENANCE
ESFLPL1P45D0002A 9.60E-004 1P45-D0002A STRAINER PLUGS
ESFLPL1P45D0002B 9.60E-004 1P45-D0002B STRAINER PLUGS
ESFLPL1P45D0003 9.60E-004 IP45-D0003 STRAINER PLUGS
ESHIMASP45-4:1A 0.00E4000 ESV TRAIN A NOT RESTORED FOLLOVING MAINTENANCE
ESHIMASP45-4:1B 0.00E+000 ESV TRAIN D NOT RESTORED FOLLOVING MAINTENANCE

ESHIMASP45-4:1C 0.00E4000 ESV TRAIN C NOT RESTORED FOLLOVING MAINTENANCE

ESMPCC 3.42E-004 ESV PUHP COMMON H0DE FAILURE

ESMPFR1P45C0001A 7.20E-004 1P45-C0001A MOTOD PUMP FAILS TO RUN
ESMPFRIP45C0001B 7.20E-004 1P45-C0001B HOT 0h PUMP FAILS TO RUN
ESHPFR1P45C0002 7.20E-004 1P45-C0002 HOTOR PUMP FAILS TO RUN
ESMPFS1P4500001A 2.93E-003 1P45-C0001A MOTOR PUMP FAILS TO START
ESMPFS1P45C0001B 2.93E-003 1P45-C0001D MOTOR PUMP FAILS TO START
ESMPPSIP45C0002 2.93E-003 1P45-C0002 HOTOR PUMP FAILS TO START
ESHVCC 9.25E-005 ESV MOTOR VALVE COMMON CAUSE FAILURE

OESMVFC1P45F0014A2.40E-006 1P45 t0014A HOTOR VALVE NO - FAILS CLOSED
ESHVFCIP45F0014B 2.40E-006 1P45-F0014B HOTOR VALVE NO - FAILS CLOSED
ESMVFC1P45F0068A 2.40E-006 1P45-F0068A HOTOR VALVE NO - FAILS CLOSED i

.

_ - _ _ _ _ _ - _ _ _ _ _ - __ _ _ -
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ESHVFC1P45F006BB 2.40E-006 1P45-F006BB HOTOR VALVE NO - FAILS CLOSED
ESHVN01P45F0130A 2.73E-003 1P45-F0130A HOTOR VALVE NC - FAILS Tb OPTN
ESHVN01P45F0130B 2.93E-003 1P45-F0130B HOTOR VALVE NC - FAILS TO OPL.;

ESHVN01P45F0140 2.930-003 1P45-F0140 HOTOR VALVE HC - FAILS TO OPEN
ESHVPL1P45r0014A 4.50E-005 1P45-F0014A HOTOR VALVE PLUGS
ESHVPL1P45F0014B 4.50E-005 1P45-F0014B HOTOR VALVE PLUGS w

E5HVPL1P45P0068A 4.50E-005 1P45-F006BA Hof0R VALVE PLUGS
ESHVPL1P45F0068B 4.50E-005 1P45-F0068B HOTOR VALVE PLUGS
ESHVPLIP45F0130A 4.50E-005 1P45-F0130A HOTOR VALVE PLUGS
ESHVPL1P45F0130B 4.50E-005 1P45-F6130B HOTOR VALVE PLUGS
ESHVPL1P45F0140 4.50E-005 1P45-F0140 HOTOR VALVE PLUGS
ESSCPL1P49D0001A 9.60E-004 1P49-D0001A TRAVELING SCREEN PLUGS
ES$ CPL 1P49D0001B 9.60E-004 1P49-D0001B TRAVELING SCREEN PLUGS
ESXVPL1P45F0517 4.50E-005 1P45-F0519 MANUAL VALVE PLUGS
ESXVPL1P45F0523 4.50E-005 1P45-F0523 MANUAL VALVE PLUGS
ESXVPL1P45F0530A 4.500-005 2P45-F0530A HANUAL VALVE PLUGS
ESXVFLIP45F0530B 4.50E-005 1P45-F0530B HANUAL VALVE PLUGS
ESXVPL1P45F0534A 4.50E-005 1P45-F0534A MANUAL VALVE PLUGS
ESXVPL1P45F0534B 4.50E-005 1P45-F0534B HANUAL VALVE PLUGS
ESKVPLIP45F0536A 4.50E-005 1P45-F0536A MANUAL VALVE PLUGS
ESXViL1P45F0536B 4.50E-005 1P45-F0536B HANUAL VALVE PLUGS
ESXVPL1P45F0541A 4.50E-005 1P45-F0541A MANUAL. VALVE PLUGS
ESXVPL1P45F0541B 4.50E-005 1P45-F0541B HANUAL VALVE PLUGS
ESXVPL1P45F0550A 4.50E-005 1P45-F0550A MANUAL VALVE PLUGS
ESXVPL1P45F0550B 4.50E-005 1P45-F055C3 MANUAL VALVE PLUGS
FPDPFROP54C0001 1.75E-001 OP54-C0001 DIESEL PUhr FAILS TO FUN
FPDPFSOP54C0001 3.00E-002 OP54-C0001 DIESEL PUMP FAILS TO START
FPDPUH 2.14E-002 DIESEL DhlVEN FIRE IUMP UNAVAILABLE CUE TO HAITNE!!ANCE
FPHICPPS4:2-DD-0 3.00E-002 OPERATORS FAIL TO MAINTAIN FUEL OIL FOR DIESEL FIRE PHP
FPHICPPS4:2FP-LE 5.00E-002 OPERATOR FAILS TO ALIGN VLVS FOR LATE FP ALT INJ < 3 IIRS
FPilICPPS4 2FP-LL 5.00E-003 OPERATOP. FAILS TO ALIGN VLVS FOR LATE FP ALT INJ > 3 IIRS
FPilT.CPPS4 2PCIC1 3.00E-001 FAIL TO ALIGN FP AFTER RCIC FAILS DUE SUPP POOL TEMP
FPilICPPS4: 2RCIC2 1.00E-001 FAIL TO ALIGN FP AFTER RilR FAILS DUE TO HCC TEMP
FPilICPPS4:2RCIC3 1.00E-002 FAIL TO ALIGN FP AFTER llPCS FAILL DUE TO HCC TEMP
FPilICPPS4: 2RCIC4 1.00E-001 FAIL TO ALIGN FAST FIRE PROTECTION ALTERNATF INJECTION
FP0FFSITEPUMPER 6.00E-001 0FFSITE PUHPER FAILS TO ARRIVE & PROVIDE VATER
FPXVNCIE12F0027B 1.00E-004 1E12-F0027B HANUAL VALVE NO FAILS TO CLOSE
FPXVNCIP45F0014B 1.00E-004 1P45-F0014B HANUAL VALVE NO FAILS TO CLOSE
FPXVNCIP45F0530B 1.00E-004 1P45-F0530B HANUAL VALVE FR07EN OPEN
FPKVNCIP45F0536B 1.00E-004 1P45-F0536B I4ANUAL VALVE NO FAILS TO CLOSE
FPXVNCIP45F0578 1.00E-004 1P45-F0578 HANUAL VALVE NO FAILS TO CLOSE
FPXVN01E12F0024B 1.00E-004- 1E12-F0024B llANUAL VALVE NC Falls TO OPEN
FPXVN01E12F0053B 1.00E-004 IL12-F0053B HANUAL VALVE NC FAILS TO OPEN
FPXVPL1P45F0572 8.21E-004 1P45-F0572 MANUAL VALVE PLUGGED
FPXVPLIP45F0573 8.21E-004 1P45-F0573 MANUAL VALVE PLUGGED
FPXVPL1P45F0589 8.21E-004 1P45F0589 MANUAL VALVE PLUGGED
FPXVPL1P45P0593 8.21E-004 1P45-F0593 MANUAL VALVE PLUGGED
FPXVPL1P45F0631 8.21E-004 1r45-F0631 MANUAL VALVE PLUGGED
FPXVPLIP45F0632 8.21E-004 IP45-F0632 MANUAL VALVE PLUGGED
FVAVFC1N21F0230 2.40E-006 1N21-F0230 AIR VALVE NO - FAILS CLOSE0

._- - - - - --- _-
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FVAVN01N21F0220 2.00E-003 1N21 F0220 AIR VALNE NC - FAILS OPEN
FVCLDE1N2700004 1.60E-003 1N27-C0004 ACTUATION LOGIC FAILS
TVCLLFIN21C00010 1.25E-004 1N21-C0001C CONTROL LOGIC FAILS 70 FUNCTION
FVCLLF1N27C0001D 1.25E-004 1N27-C0001D CONTROL LOGIC FAILS TO FUNCTION

!

FVCLLFIN27C0004 1.25E-004 1N27-C0004 CONTROL LOGIC FAILS TO FUNCTION
FVCVN01N27F0559A 1.00E-004 1N27-F0559A CHECK VALVO NC - FAILS TO OPEN
FVCVN01N27F0559B 1.00E-004 1N27-F0559B CHECK VALVE NC - FAILS TO OPEN
FVHICPEC5-2:3LCS 1.00E-002 OPER FAILS TO CNTRL RPV LEVEL AT TAF V/ TV DURING 10RV
FVHICPEC5-3:2 1.00E-002 OPER FAILS TO CONTROL RPV LEVEL AT TAF
FVHICPEL-2-FDV-L 1.00E-002 OPERATOR FAILS TO REOPEN HFP CONTROL VALVES FOR T3C-C
FVHICPEL-2-FDV-V 5.00E-003 OPER FAILS TO REOPN HFP CNTRL VALVES OR DEPRESSURIZE RPV ,

FVHICPSN27-4: 11A 1.20E-001 OPER FAILS TO CNTRL EX FEED BODSTER PHP DUR7NG LOSS OF IA
TVHICPSN27 4:11L 5.00E-003 OPER FAILS TO CNTRL RX FEED B00 STER PHP LOSS OF IA >2 HRS 4'

FVHPTR1N21C0001A 7.20E-004 1N21-C0001A HOTOR PUHP FAILS TO RUN
FVHPFR1N21C0001B 7.20E-004 1N21-C0001B HOTOR PUMP FAILS TO RUN ,

FVHPFR1N21C0001C 7.20E-004 1N21-C0001C HOTOR PUMP FAILS TO RUN ,

FWHPFR1N27C0001A 7.20E-004 1H27-C0001A HOTOR PUMP FAILS TO RUN :

FVHPFR1N27C0001D 7.20E-004 1N27-C0001B HOTOR PUNP FAILS TO RUN
FVHPTR1N27C0001C 7. 20E--004 1N27-C0001C HOTOR PUHP FAILS TO RUN
FVHPTR1N27C0001D 7.20E-004 1N27-C0001D HOTOR PUMP FAILS TO RUN '
FVHPFR1N27C0004 7,20E-004 1N27-C0004 HOTOR PUHP FAILS TO RUN
TVHPFS1N21C00010 2.93L-003 IN21-C0001C HOTOR PUHP FAILS TO START

_

FVHPFSIN27C0001D 2.93E-003 1N27-C0001D HOTOR PUNP FAILS TO START |

FVHPFSIN27C0004 2.93E-003 1N27-C0004 HOTOR PUHP FAILS TO START
FVHPUH1N21C0001C 5.00E-001 IN21-C0001C HOTOR PUMP UNAVAIL DUE TO HAINT ,

FVHPUH1N27C0001D 5.00E-001 IN27-C0001D H010R PUMP UNAVAIL DUE TO HAtNTENANCE
FVHPUH1N27C0004 5.00E-003 1N27-C0004 HOTOR PUMP UNAVAIL DUE-TO HAINTENANCE
FVNVN01N27F0200 2.93E-003 1N.'7-F0200 HOTOR VALVE FAILS TO OPEN - NC .

FVTPTRIN27C0002A 1.13E-001 IN27-C0002A TURBINE- PUHP FAILS TO RUN
FVTPFR1N27C0002B 1.13E-001 1N27-C0002B TURBINE PUMP FAILS TO RUN
FVXVPLIN27F0560A 4.50E-005 1H27-F0560A MANUAL VALVE PLUGS '

FVXVPLIN27F0560B 4.50E-005 1N27-F0560B HANUAL VALVE PLUGS'

HIHICPECS-312-F 1.00E-003 FAILS TO RESTR RHR A/B/LPCS AND CONTRL AT TAF V/ FDV
HIHICPEC5-312-S 1.00E-003 FAILS TO RESTR RllR A/B/LPCS AND CNTRL AT TAF V/0 FDV -

HIHICPEC5-5-CRIT 2.00E-003 UPER FAILS-TO CNTRL RPV LEVEL AND FLUSHES BORON
Hili 1CPOR10 4:0-I 5.00E-002 OPERATOR FAILS TO CLOSE FPCC OUTBOARD VALVE 1G41-F0145 '

FIHICPOR10-4: 3-B 1.00E-002 OPER-FAILS TO X-11E UNIT 1 AND 2 BATT AND LOAD SHEDi '

HIHICPOR10-4: 3-D 2.00E-003 OPER FA1LS TO OPEN DIV 3 SVITCHGEAR R00H DOORS
HIHICPOR10-XTIE 5.00E-003 OPERATOR FAILS TO CROSSTIE DIV 3 BUS TO DIV 2 BUS
HPCLDECST- 1.60E-003 CST LOV LEVEL ACTUATION LOGIC HARDVARE FAILURE
HPCLDEL2 1.60E-003 HPCS ACTUATION LOGIC FAILUREi

'HPCLDEMINFLOV 1.60E-003- HIN. FLOV- H0V ACTUATION LOGIC -FAILURE
HPCLLF1E22C0001 1.2SE-004 1E22-C0001 CONTROL LOGIC FAILS TO ENERGIZE
HPCVF01E22F0002 3.44E-003 1E22-F0002 CHECK VALVE NC - FAILS TO OPEN
HPCVN01E22F0002 1.00E-004 1E22-F0002 CST SUCTION LINE CHK VL NC - FAILS TO OPEN
HPCVN01E22F0005 1.00E-004 1E22-F0005 CHECK VALVE NC - FAILS TO OPEN
flPCVN91E22F0016 1.00E-004 1E22-F0016 CHECK VAL 7E NC - FAILS TO OPEN

O llPCVN01E22F00741.00E-004 1E22-F0024 PUHP DISC CHECK VALVE NC - FAILS TO OPEN
HPHICPEL-1 1.25E-003 OPERATOR FAILS TO INITIATE HIGH PRESSURE INJECTION
HPHICPSE22-5 0 5.00E-002 OPERATOR FAILS TO CONTROL HIN FLOV VALVE 1E22-F0012

_ _ _ _ _ . _ - _ _ _ _ _ - , _ . _ _ _ _ . , _ . _ - . . _ _ _ _ _ _ _ . _ - _ _ _ _ _ . _
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HPHICPSE22-5:2 5.00E-002 OPER FAILS TO XPER 10 SUPR POOL VITH IE22-F015
IIPillMASE22-4 1 0.00E4000 FAILURE TO RESTORE HPCS APTER MAINTENANCE
flPMPUM 2.680-003 IIPCS UNAVAILABLE DUE TO IIAINTENANCE
IIPLXDL1L22N0654C a.58E-004 1022-N0654C LEVEL INSTRUMENT FAIL.0 TO FUNCTION
llPLXDE1E22N0654G 9.58E-004 1E22-N0654G LEVEL INSTRUWENT FAILS TO FUNCTION
HTMPTE1E22C0001 7.20E-004 1E22-C0001 EPCS MOTOR DRIVEN PUMP FAILS TO RUN
llPMPFSIE22C0001 2.93E-003 1E22-C0001 HPC3 MOTOR DRIVEN PUMP F AILS TO START
HPMVNCIE22F0001 2.93E-003 1E22-F0001 MOTOR VAINE No - FAILS TO CLOSE
HPMVN01E2210004 2.93E-003 1E22-F0004 HOTOR VALVE NC - FAILS TO OPEN
HPMVN01E22F0012 2,93E-005 1E22-F0012 MOTOR VALVE NC - FAILS TO OPEN
!!PHVN01E22F0015 2.93E-003 1E22-F0015 MOTOR VALVE NC - FAILS TO OPEN
llPXVPLIE22F0036 4.50E-005 1E22-F0036 MANUAL VALVE PLUGS
IIPXVPLIE22F0518 4.50E-005 1E22-F0516 CST SUCTION MANUAL VLV PLUGS
HVFAFR1M41C0001A 3.00E-004 1H41-C0001 A FAN FAI' S TO RUN
llVFAFR1H41C0001B 3.00E-004 1M41-C0001B FAN FAILS TO RUN
llVFAFR1M41C0002A 3.00L-004 1M41-C0002A FAN FAILS TO RUN
llVFAFR1H41C0002B 3.00E-004 1M41-C0002B FAN FAILS TO RUN
IAACLP 0.00E+000 SA/I A AIR RECEIVER TANKS DO NOT llAVE SUPFICIERT AIR
IAAVFC1P52F0050 2.40E-006 1P52-F0050 PNEUMATIC VALVE NO - FAILS CLOSED
1AAVFC1P52F0210 2.40E-006 IP52-F0210 AIR VALVE NO - FAILS CLOSED

. IAAVFC2P52F0050 2.40E-006 2PS2-F0050 AIR VALVE NO - FAILS CLOSED
'

IAAVFC2P52F0210 2.40E-006 2P52-F0210 AIR VALVE NO - FAILS CLOSED
IAAVNCIP52F0050 2.00E-003 1P52-F0050 PNEUMATIC VALVE NO - FAILS TO CLOSE

( IAAVNC2P52F0050 2.00E-003 2P32-F0050 PNEUMATIC VALVE NO - FAILS TO CLOSE
IACLLF1P52C0001 1,2SE-004 1P52-C0001 CONTROL LOGIC liARDVARE FAILURE
IACLLF2P52C0001 1.25E-004 2P52-C0001 CONTE 0L LOGIC HARDVARE FAILURE
IACMCC d.25E-003 IA/SA COMPRESSCRS COMMON CAUSE FAILURES

i

| IACHFRIP52C0001 3.83E-003 1P52-C0001 COMPRESSOR FAILS TO RUN
I IACHFR2PS200001 3.E3E-003 2P52-C0001 COMPRESSOR FAILS TO PUN

IACHFS1P52C0001 8.25E-002 1P52-C0001 COMPRESSOR FAILS TO START
1ACHFS2P52C0001 8.25E-002 2PS2-C0001 COMPRESSOR FAILS TO STARTi

| IACMUM2P51C0001 5.00E-001 2P51-C0001 UNAVAILABLE DUE TO MAINTENANCE
! IACMUM2PS200001 5.00E-001 2P52-C0C01 UNAVAILABLE DUE TO MAINTENANCE

1ACVN01P52F0532 1.00E-004 1P52-F0532 CHECK VALVE NC - FAILS TO OPEN
1ACVN01P52F0550 1.00E-004 1P52-F0550 CilECK VALVE NC - FAILS TO OPEN
IACVN01P52F0639 1.00E-004 1P52-F0639 CHECK VALVE NC - FAILS TO OPEN
IACVN01P52F1004 1. 00E- 004 1P52-F1004 CHECK VAINE NC - FAILS TO OPEN
IACVN02P52F0532 1.00E-004 2P52-F0532 CHECK VALVE NC - FAILS TO OPEN
IACVN02P52F1004 1.00E-004 2P52-F1004 CHECK VALVE NC - FAILS TO OPEN
IAHICPSP51 4: 2 5.00U-002 OPERATOR FAILS TO REPOSITION NCC LUBE OIL CLR OUTLET VLV
IAllICRSP52 7:2 1.00E-001 OPERATOR FAILS TO OVERRIDE ISOLATION SIGNAL
IAHIMASP51-4:1:2 1.00E-003 FAILURE TO RESTORE FOLLOVING MAINTENANCE
IAMVFCIPS2F0200 2.40E-006 IP52-F0200 MOTOR VALVE NO - FAILS CLOSED
IAMVFC1PS2F0646 2.40E-006 1P52-F0646 MOTOR VALVE NO - FAILS CLOSED
IAPLLRIPS2 2.71E-003 I A 6 SA FAIL DUE TO LINE BREAK
IAPXDE1PS2N0060 9.59E-005 1P52-N0060 PRESSURE SENSOR FAILE TO FUNCTION
IAPXDE1PS2N0185 9.59E-005 1P52-N0185 FRESSURE SENSOR FAILS TO FUNCTION
IAPXDE2P52N0060 9.59E-005 2PS2-N0060 PBESSURE SENSOR FAILS TO FUNCTION
IAPX0E2P52N0185 9.59E-005 2P52-N0185 PRESSURE SENSOR FAILS TO FUNCTION
IF 1.00E4000 INTERNAL FLOODING
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LCCLDE 1.60E-003 LPCI B AUTOMATIC ACTUATION LOGIC FARDVARE FAILURE

LCCLDEMINFl.0V 1.60E-003 MINIMUM FLOV MOV ACTUATION LOG 1C FAILURE

LCCLDEMitiFLOVA 1.60E-003 MINIMUM FLOV MOV ACTUATION LOGIC FAILURE

LCCLDEMIllFLOVB 1.60E-003 MINIMUM FLOV MOV ACTUATION LOGIC FAILURE

LCCLDEMINFLOVC 1.f0E-003 MINIMUM FLOV MOV ACTUATION LOGIC FAILURE
LCCLLF1E1200002A 1.25E-004 1E12.C0002A CONTROL LOGIC FAILS TO FUNCTION
LCCLLP1E12C0002B 1.25E-004 1F12-C0002B CONTROL LOGIC FAILS TO FUNCTION
LCCLLF1E12C0002C 1.25E-004 1E12-C0002C CONTROL LOGIC FAILS TO FUNCTION
LCCVN01E12F0031A 1.00E-004 1E12-F0031A CllECK VALVE NC - FAILS TO OPEN
LCCV!101E12F00313 1.00E-004 1E12-F0031B CHECK VALVE NC - FAILS TO OPEN __

LCCVN01E12F0031C 1.00E-004 1E12-F0031C CHECK VALVE NC - FAILS TO OPEN ,

LCCVN01E12F0041A 1.00E-004 1E12-F0041A CHECK VALVE NC - FAILS TO OPEN
LCCVN01E12F0041B 1.00E-004 1E12-F0041B CHECK VALVE NC - FAILS TO OPEN
LCCVN01E12F0041C 1.00E-004 1E12-F0041C CilECK VALVE NC - FAILS TO OPEN

'

LCCVN01E12F0046A 1.00E-004 1E12-F0046A CHECK VALVE NC - FAILS TO OPEN
LCCVN01E12F0046B 1.00E-004 1E12-F0046B CilECK VALVE NC - FAILS T) OPEN .

LCCVN01E12F0046C 1.00E-C04 1E12-F0046C CilECK VALVE NC - FAILS TO OPEll
LCCVN91E12F0050A 1.00E-004 1E12-F0050A CHECK VALVE NC - FAILS TO OPEN
LCCVN01E12F0050B 1.00E-004 1E12-f0050B CHECK VALVE NC - FAILS 70 OPEN
LCHICPEL-1-LPCI 1.00E-003 OPERATOR FAILS TO INITIATE LPCI B
LCHICPSE12-5:1 5.00E-002 OPERATOR FAILS TO CONTROL MIN FLOV VALVE 1E12-F0064A

0.00E4000 FAILURE TO RESTORE TRAIN A LPCI FOLLOVING MAINT *q
O' LCHIMASE12-4:1 ALCH1HASE12-4: 1B 0.00E+000 FAILURE TO RESTORE TRAIN B LPCI FOLLOVING MAINT

LCHIMASE12-4:1C 0.00E4000 FAILORE TO RESTORE TRAIN C LPCI FOLLOVING MAINT
LCilXPLIE12B000'A 2.05E-003 IL12-B0001A IIEAT EXCllANGER PLUGS

=

LChXPL1E12B0001B 2.05E 003 1E12-B0001B llEAT EXCHANGER PLUGS

LCilXPLIE1?B00010 2.05E-003 1E12-P0001C HEAT EXCHANGER PLUGS

LCHXPLIE12B0001D 2.05E-003 1E12-B0001D HEAT EXCHANGER PLUGS
L,CLCUMA 1.93E-002 LPCI TRAIN A UNAVAILABLE DUE T0 MAINTENANCE -

LCLCUMB 1.01E-002 LPCI TRAIN B UNAVAILABLE DUE TO MAINTENANCE
LCLCUMC 1.03E-002 LPCI TRAIN C UNAVAILABLE DUE TO MAINTENANCE
LCLCUMLPCIALPC3 5.29E-003 LPCI A AND LPCS BOTil UNAVAILABLE DUE TO MAINT
LCLCUMLPCIllLPCIC 1.77E-002 LPCI B AND LPCI C BOTil UNAVAILABLE DUE TO MAINT
LCLCUMRilRALPRC 9.22E-003 LPCI A, LPCS & RCIC ALL UNAVAILABLE DbE TO MAINTENANCE

LCMPCC 2.93E-004 LPCI PUMP COMMON MODE FAILURE

LCMFFRIE1200002A 7.20E-004 1E12-C0002A MOTOR PUMP FAILS TO RUN
LCMPFRIE1200002B 7.20E-004 1E12-C0002B MOTOR PUMP FAILS TO RUN
LCMPFRIE1200002C 7.20E-004 1E12-C0002C MOTOR PUMP FAILS TO RUN
LCMPFS1012C0002A 2.93E-003 1E12-C0002A MOTOR PUMP FAILS TO START
LCMPFS1E1200002B 2.93E-001 1E12-C0002B MOTOR PUMP FAILS TO STA3T '

LCMPFSIE12C0002C 2.93E-003 1E12-C0002C MOTOR PUMP FAILS TO START
LCMVCC 9.25E-005 INJECTION VALVE COMMON MODE FAILURE

,

LCMVFCIE12F0003A 2.40E-006 1E12-F0003A MOTOR VALVE NO - FAILS CLOSED
LCMVFC1E12F0003B 2.40E-006 1E12-F0003B MOTOR VALVE NO - FAILS CLOSED
LCMVFC1E12F0004A 2.40E-006 1E12-F0004A MOTOR VALVE NO - FAILS CLOSED
LCMVFCIE12F0004B 2.40E-006 1E12-F0004B MOTOR VALVE NO - FAILS CLOSED

.

2.40E-006 1E12-F0027A MOTOR VALVE NO - FAILS CLOSED

O.LCPVFCIE12F0027ALCMVFC1E12F0027B 2.40E-006 1E12-F0027B MOTOR VALVE NO - FAILS CLOSED
LCMVFCIE12F0047A 2.40E-006 1E12-F0047A MOTOR VALVE NO - Fall.S CLOSED
LCMVFCIE12F0047B 2.40E-006 1E12-F0047B MOTOR VALVE NO - FAILS CLOSED

l

_. _ -_ _- _ _
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||Tabic 3.3.2-1 BASIC EVENT DATA IIASE
O

Event Poin'. Est Description i
I

LCMVFCIE12F0048A 2.40E-006 1E12-F0048A HOTOR VALVE NO - FAILS CLOSED
LCdVFCIE12F0049B 2.400-006 1E12-F0048B HOTOR VALVE NO FAILS CLOSED
LCMVFCIE12F0105 2.40E.n06 1E12-F0105 MOTOR VALVE NO - Fall.S CLOSED
LCMVF01E12F0021 1. 20E- V05 1E12-F0021 HOTOR VALVE NC - FAILS OPEN !

LCMVF01E12F0024A 1. 1-005 1E12-F0024A H0!JR VALVE NC - FAILS OPEN
LCHVF01E12F0024P 1.20E-005 1E12-F0024B H010R VALVE NC - FAILS OPEN
LC4VF01E12F0028A 1.20E-005 1E12-F00?8A MOTbR VALVE NC - FAILS OPEN
LCMVF01E12F0028B 1.20E-005 1E17.F0028B MOTOR VALVE NC - FAILS OPEN
LCHVF01E12F0537A 1.20E-005 1E12-F0537A HOTOR VALVE NC FAILS OPEN
LCHVF01E12F0537B 1.20E-005 1E12-F0537B HOTOR VALVE NC - FAILS OPEN
LCMVNCIE12F0021 2.93E-003 1E12-F0021 HJTOR VALVE FAILS TO CLCSE
LCMVN01E12F0042h 2.93E-003 1E12-F0042A HOTOR VALVE NC - FAILS TO OPEN
LCMVN01E12F0042B 2.93E-003 1E12-F0042B MOIOR VALVE NC - FAILS TO OPEN
LCMVN01E12F0042C 2.93E-003 1E12-F0042C HOTOR VALVE NC - FAILS TO OPEN
LCMVN01E12F0064A 2.93E-003 1E12-F0064A HnTOR VALVE NC - FAILS TO OPEN
LCMVN01E12F0064B 2.93E-003 1E12-F0064B HOTOR VALVE NC - FAILS TO OPEN
LCHVN01E12F0064C 2.93E-003 1E12-F0064C HOTOR VALVE NC - FAILS TO OPEN
LCHVN01E12F0105 2.93E-003 1E12-F0105 HOTOR VALVE FAIL 5 TO OPEN
LCMVPLIE12F0003A 4.50E-005 1E12-F0003A MOTOR VALVE PLUGS
LCMVPLIE12F0003B 4.50E-005 1E12-F0003B HOTOR VALVE PLUGS
LCMVFL1E12F0004A 4.50E-005 1E12-F0004 A HOTOM VALVE PLUGS
LCMVPLIE12F0004B 4.50E-005 1E12-F0004B MOTOR VALVE PLUGS
LCHVPLIE12F0027A 4.50E-005 1E12-F0027A MOTOR VALVE PLUGS
LCMVPLIE12F0027B 4.50E-005 1E12-F0027B MOTOR VALVE PLUGS
LCMVPLIE12F0047A 4.50E-005 1E12-F0047A MOTOR VALVE PLUGS
LCHVPLIE12F0047B 4.50E-005 1E12-F0047B MOTOR VALVE PLUGS
LCHVPLIE12F0048A 4.50E-005 1E12-F0048A HOTOR VALVE PLUGS
LCMVPLIE12F0048B 4. 50E- 005 1E12-FC048B MOTOR VALVE PLUGS
LCMVPLIE12F0105 4.50E-005 1E12-F0105 HOTOR VALVE PLUGS
LCPXCCLPCI 9.59E-006 LPCI PHP PERHISSIVE COMMON MODE FAILURE
LCPXDE1E12N0655A 9.59E-005 1E12-N0655A PRESSURE INSTRUMENT FAILS TO FUNCTION
LCPXDE1E12N0655B 9.59E-005 1212-N0655B PRESSURE INSTRUMENT FAILS TO FUNCTION
LCPXDE1E12N0655C 9.59E-005 1E12-N0655C PRESSURE INSTRUNENT FAILS TO FUNCTION
LCPX0E1E12N0656A 9.59E-005 1E12-N0656A PRESSURE INSTRUMENT FAILS TO FUNCTION
LCPXDE1E1?N0656B 9.59E-005 1E12-N0656B PRESSURE INSTRUMENT FAILS TO FUNCTION
LCPXDE1E12N0656C 9.59E-005 1E12-N0656C PRESSURE INSTRUMENT FAILS TO FUNCTION
LC7VPLIE12F0018A 4.50E-005 1E12-F0018A MANUAL VALVE PLUGS
LCXVPLIE12F0018B 4.50E-005 1E12-F0018B HANUAL VALVE PLUGS
LCXVPLIE12F0018C 4.50E-005 1E12-F0018C MANUAL VALVE PLUGS
LCXVPLIE12F0029A 4.50E-005 1E12-F0029A MANUAL VALVE PLUGS
LCXVPLIE12F0029P 4.50E-005 1E12-F0029B HANUAL VALVE PLUGS
LCXVPLIE12F0029C 4.50E-005 1E12-F00270 MANUAL VALVE PLUGS
LCXVPLIE12F0039A 4.50E-005 1E12-F0039A MANUAL VALVE PLUGS
LCXVPLIE12F0039B 4.50E-005 1E12-F00393 MANUAL VALVE PLUGS
LCXVPLIE12F0039C 4.50E-005 1E12-F0039C MANUAL VALVE PLUGS
LI19B 7.65E-001 COMPLEMENT TO LI19
LI26B 7.20E-001 COMPLEMENT TO LI26
LPCLDE 1.60E-003 LPCS AUTOMAT!C ACTUATION LOGIC HARDVARE FAILURE |h
LPCLDEMINFLOV 1.60E-003 MIN. FLOV MOV ACTUATION LOGIC FAILURE
LPCLLFIL21C0001 1.25E-004 1E21-C000) CONTROL LOGIC FAILS TO ENERGIZF.

-



Table T.3.2-1 EASIC EVE!TP DATA BASE

Event Foint Est Description

LPCVN01E21F0003 1.00E-004 1E21-F0003 CHECK VALVE NC - FAILS TO OPEN
LPCVN01E21F0000 1.00E-004 1E21-F0006 CHECK VALVE NC - Fall.S TO OPEN
LPCVN01E21F0501 1.00E-004 1E21-F0501 CHECL VALVE NC - FAILS TO OPEN
LPilICPEL-1 1.00E-003 OPERATOR FAILS TO INITI ATE LOV PRESSURE INJECTION
LPilICFEL-1-LPCS 1.00E-003 OPERATOR FAILS TO INITIATE LPCS
LPilICPSE21-5:1 5.00E-002 OPERATOR FAILS TO CONTROL HIN FLOV VALVE 1E21-F0011
LPHIMASE21-4:1 0.00E4000 FAILURE TO RESTORE LPCS AFTER HAINTENANCE
LPLPUH 2.03E-002 LPCS UNAVAILABLE DUE TO HAINTENANCE
LPHPFRIE2100001 7.20E-004 1E21-C0;01 LPCS HOTOR PUMP FAILS TO RUN

LPHPFS1E21C0001 2.93L-003 1E21-C0001 LPCD HOTOR PUMP FAILS TO START
JJ HVNCIE21F0011 2.93E-003 1E21-F0011 MOTOR VALVE FAILS TO CLOSE
LPHVN01E21F0005 2.93E-003 1E21-F0005 MOTOR VALVE NC - FAILS TO OPEN
LPHVN01E21F0011 2.93E-003 1E21-F0011 MOTOR VALVE FAILS TO OPEN
LPHVfLIE21F0001 4. 50F.- 005 1E21-F0001 HOTOR VALVE PLUGS
LPPX0E1E21N0650 9.59E-005 1E21-N0650 RX PRESS PRESSURE INSTRUMENT FAILS TO FUNCTION
LPPXDE1E21N0652 9.59E-005 1E21-N0652 PRESSURE INSTRUMENT FAILS TO FUNCTION
LPPXDE1E21N0653 9.59E-005 1E21-N0653 PRESSURL INSTRUMENT FAILS TO FUNCTION
LFXVPLIE21F0007 4.50E-005 1E21-F0007 MANUAL VhtVE PLOGS
H 1.00E-004 AT LEAST ONE SRV FAILS TO OPEN AGAINST SPRING
HCHICRRFCVRD4 0.00E 000 HCC, SVTCEGR, & HISC ELECT AREAS RECVRD IN 4 HOURS

HCHICRRECVED9 0.00E,000 HCC, SVTCHGR, & HISC ELECT AREAS RECVRD IN 9 HOURS

(~_h HCHFFR1H23C0001A 3.00E-011 1H23-C0001A n0 TOR FAN FAILS TO RUN
\- / HCHFFR1H23C0001B 3.00E-011 1H23-C0001B HOTOR FAN Fall.S TO RUN

HCHFFR1H23C0002A 3.00E-011 1H23-C0002A HOTOR RETURN FAN FAILS TO RUN
HCHFFR1H23C0002B 3.00E-011 1H23-C0002B HOTOR RETURN FAN FAILS TO RUN
HCHFFS1H23C0001B 2.93E-003 1H23-C0001B MOTOR FAN FAILS TO START
HCHFFS1H23C0002B 2.93E-003 1H23-C0002B HOTOR RETURN FAN FAILS TO START
HESA133 7.76E-003 NO FLOV TO ESV TRAIN A HCAT EXCHANGERS
HESB133 7.76E-003 NO FLOV TO ESV TRAIN B HEAT EXCHANGERS -

HESC133 7.76E-003 NO FLOV TO ESV TRAIN C HEAT EXCilANGERS
HIAA174 1.05E-004 UNIT 2 F1004 AND F0210 VALVES FAIL CLOSED
HIAA241 8.66E-002 1P52-C0001 COMPRESSOR FAILS
HIAA331 8.66E-002 2P52-C0001 COMPRESSOR FAILS
HIAA353 1.05E-004 UNIT 1 F1004 AND F0210 VALVES FAIL CLOSED
HIAA431 8.66E-002 2P51-C0001 COMPRESSOR FAILS
HIAA584 3.77E-003 1P43-C0001C HOTOR PUMP FAILS
HInA884 3.77E-003 1P41-C001D HOTOR PUMP FAILS
HLHICPE32 1.00E-002 OPERATOR FAILS TO INITIATE HSIV LEAKAGE CONTROL
HLHFFRIE32C0001 5.03E-003 1E32-C0001 HOTOR FAN FAILS TO RUN
HLHFFSIE32C0001 ?.93E-003 1E32-C0001 MOTOR FAN FAILS TO START
HLHLUHA 1.00E-002 INBOARD HSIV LEAKGE CONTROL UNAVAILABLE DUE TO

HAINTENANCE

HLHV1E32F0003ANC 2.930-004 1E32-F0003A FAILS TO CLOSE AFTER BEING OPENED
HLHV1E32F0003 ENC 2.93E-004 IE32-F0003E FAILS TO CLOSE AFTER BEING OPENED
HLHVIE32F0003JNC 2.93E-004 1E32-F0003J FAILS TO CLOSE AFTER BEING OPENED
HLHV1E32F0003NNC 2.93E-004 1E32-F0003N FAILS TO CLOSE AFTER BEING OPENED

9.25E-005 1E32 HOTOR VALVE COMHON CAUSE FAILURES
("j'THLHVCCHLH5N01E32F0001A 2.93E-003 1E32 F0001A HOTOR VALVE NC - FAILS TO OPENg

HLHVN01E32F0001E 2.93E-003 1E32-F0001E HOTOR VALVE NC - FAILS TO OPEN
HLMVN01E32F0001J 2.93E-003 1E3?-F0001) MOTOR VALVE NC - FAILS TO OPEN
HLHVN01E32F0001N 2.93E-003 1E32-F0001N HOTOR VALVE NC - FAILS TO OPEN

_--_ - -_____- _--_-_-_____- __- _ _ __ _ - - -
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Table 3.3.2-1 BASIC EVE!?T DATA _IMSE |
1

Fvent Toint Est Description
_ , _ _ _ ,

,

HLMVN01E32F0002A 2.930-003 1E32-F0002A MOT 0h VALVE NC - FAILS TO OPEN
! MLMVN01E32F0002E 2.93E-003 1E32-F0002E MOTOR VALVE NC - FAILS TO OPEtl
j HLMVN01E32F0002J 2.93E-003 1E32-F0002J MOTOR VALVE NC FAILS TO OPEN
! HLHVN01E32 F0002:1 2.93E-003 1E32-F0002N MOTOR VALVE NC FAILS TO OPEN
I HLHVN01E32F0003A 2.93E-003 1E32-F0003A HOTOR VALVE fic - FAILS TO OPEN
{ HLHVN01E32r0003E 2.93L-003 1E32-F0003E HOTOR VALVE NC - FAILS TO OPEN

MLMVN01E32F0003J 2.93E-003 1E32-F0003J HOTOR VALVE !!C - FAILS TO OPEN
] FLHVN01E32F0003!! 2.93E-003 1E32-F0003N HOTOR VALVE NC - FAILS TO OPEll
i NBl.XCCL1 9.59E-005 RPV LEVEL 1 COMMON HODE HISCALIBRAT70N
4 NBLXCCL2 9.59E-005 RPV LEVEL 2 COMMON N0DE MISC /.LIBRATION -

NBLXCCL3 9.59E-005 RPV LEVEL 3 COMMON H0DE MISCALIBRATION
NBLXDElB21N0667C 9.580-004 1B21-N0667C LEVEL INS 1RUMENT FAILS TO FUNCTION
flBLXDElB21N0667G 9.58E-004 1B21-N0667G LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0667L 9.5bE-004 IB21-N0667L LEVEL INSTRUliENT FAILS TO FUNCTION
NBLXDElB21N0667R 9.58E-004 IB21-N0667R LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0673C 9.58E-004 1B21-N0673C RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0673G 9.58E-004 1B21-N0673G RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTIOb
NBLXDElB21P0673L 9.5BE-004 1821-N06731. RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0673R 9.38E-004 1B21-N0673R RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDE1821N0691A 9.58E-004 1B21-N0691A RPV L1 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0691B 9.58E-004 1B21-N0691B RPV L1 LEVEL INSTRUMENT FAILS TO FUNCTION
WBLXD81B21N0691E 9.5BE-004 1B21-N0691E RPV L1 LEVEL INSThUMENT FAILS TO FUNCTION
NBLXDElB21N0691F 9.58E-004 1B21-N0691F RPV L1 IFVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0692A 9.58E-004 IB21-N0692A RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDE1821N0692B 9.58E-004 1B21-N06928 RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0692E 9.58E-004 1B21-N0692E RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N0692F 9.58E-004 1B21-N0692F RPV L2 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDE1821N0695A 9.58E-004 1B21-N0695A LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDElB21N06950 9.58E-004 1B21-N0695B LEVEL INSTRUMENT FAILS TO FUNCTION
14BLXDE1C34N0004A 9.5DE-004 1C34-N0004A RPV L8 LEVEL INSTRUMENT FAILS TO FUNCTION
NBLXDEIC34N0004B 9.5"E-004 1C34-N0004B RPV L8 LEVEL 2NSTRUMENT FAILS TO FUNCTION '

NBLXDE1C34N0004C 9.58E-004 1C34-N0004C RPV L8 LFVEL INSTRUMENT FAILS TO FUNCTION
NBFXCCDV 9.59E-006 DRYVELL PRESSUPE COMMON HODE MISCALIBRATION
NBPXDElB21N0667C 9.59E-005 1B21-N0667C PRESSURE INSTRUMENT FAILS TO FUNCTION
NBPXDElB21N0667G 9.59E-005 1821-N06670 PRESSURE INSTRUMENT FAILS TO FUNCTION
NBPXDElB21N0667L 9.59E-005 1821-N0667L PRESSURE INSTRUMENT FAILS TO FUNCTION
NBPXDElB21N0667R 9.59E-005 1B21-N0667R PRESSURE INSTRUMENT FAILS TO FUNCTION
NBPXDElB21N0694A 9.59E n05 1B21-N0694A D'd PRES PRESSURE INS 1RUMENT FAILS TO FUNCTION
NBPXDElB21N0694B 9.59E-005 IB21-N0694B DV PRES PRESSURE INSTRUMENT FAILS TO FUNCTION
NBPXDElB21N0694E 9.59E-005 1B21-N0694E DV PRES PRESSURE INSTRUMENT FAILS TO FUNCTION
NBPXDElB21N0^94F 9. 59 E-005 1B21-N0694F DV PRES PRESSURE INSTRUMENT FAILS TO FUNCTION
NBTICCADS 2.93E-005 ADS TIMER RELAY COMMON H0DE FAILURE
NBTILF1B21K5A 2.93E-004 1B21-ESA TIME DELAY RELAY FAILS TO FUNCTION
NBTILF1B21K5B 2.93E-004 1B21-K5B TIME DELAY RELAY Fall.S TO FUNCTION
NCCLLF1P43C0001C 1.25F-004 1P43-C0001C CONTROL LOGIC FAILS

'

tiCMPFR1P43C0001A 7.20E-004 1P43-C0001A HOTOR PUMP FAILS TO RUN
NCMPFR1P43C0001B 7.20E-004 1P43-C0001B HOTOR PUMP FAILS TO RUN
NCHPTRIP43C0001C 7.20E-004 1P43-C0001C HOTOR PUMP FAILS TO RUN
NCMPFS1P43C0001C 2.93E-003 1P43-C0001C POTOR PUMP FAILS TO START
NCHPUM1P43C0001C 5.00E-001 NCC STANDBY PUMP UNAVAILABLE DUE TO MAINTENANCE

:
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() Tabic 3.3.2-1 BASIC EVENT DATA BASE'

Event Point Est Description
__ ___

NSAYNC1821F0022A 2.00E-003 1B21-F0022A (HSIV) AIR VALVE NO - FAILS TO CLOSE
NSAVNC1B21F0022B 2.00E-003 1821-F0022B (MSIV) AIR VALVE NO - FAILS TO CLOSE
NSAVNC1821F0022C 2.00L-003 1B21-F0022C (MSIV) AIR VALVE No - FAILS TO CLOSE
NSAVNC1B21F0022D 2.00E-003 1B21-F0022D (HSIV) AIR VALVE NO - FAILS TO CLOSE
NSAVNC1B21F0028A 2.00E-003 1D21-F0028A (MSIV) AIR VALVE NO - FAILS TO CLO3E
NSAVNC1B21F0028B 2.00E-003 1821-F0028B (MSIV) AIR VALVE NO - FAILS TO CLOSE,=

NSAVNC1B21F0028C 2.00E-003 1821-F002MC (HSIV) AIR-VALVE NO - FAILS TO CLOSE
NSAVNC1821F0028D- 2.00E-003 1B21-F0028D (MSIV) AIR VALVE NO - FAILS 10 CLOSE
NSHICPEC5-2-L1 1.00E-001 OPERATOR FAILS TO BYPASS HSIV LEVEL 1 ISOLATION FOR T3C-C
NSHICrEC5-2-LIT 3 1.00E4000 OPERATOR FAILS TO BYP HSIV LVL 1 ISOL FOR T3A-C OR T3B-C
NSNSCC- 2.00E-004 MSIV COMMUN CAUSE FAILURES

-ONE 1.00E+000 BASIC EVENT SET TO 1.0>

Pl. 1.60E-002 ONE SRV FAILS TO OPFN AND RECLOSE
P2 1.60E-003 TVO SRVS FAIL TO OPEN AND RECLOSE
PX 1.00E4000 PROBABILITY THAT SRV'S VILL OPEN FOR A GIVEN TRANSIENT'

R1 5.73E-002 NONRSCOVERY OF OFFSITE AC POVER IN 6 HOURSr

RIO 6.27E-001 0FFSITE AC PVR NOT RESTRD IN 12 HOURS IF NO TVR AT 10 HRS
R11 6.57E-002 NONRECOVERY OF 0FFSITE AC POVER IN 5 HOURS ,

.R12 3.24E-002 NONREC0VERY OF OFFSITE AC POVER IN 9 HOURS
R13 2.66E-001 NONRECOVERY OF 0FFSITE-AC POVER IN 1 HOUR
R13B 7.34E-001 RECOVERY OF 0FFSITE AC POVER IN 1 HOUR

1.74E-001 NONRECOVERY OF OFFSITE AC POVER IN 2 HOURS

1OR14R14B C.26E-001 RECOVERY OF 0FFSITE AC POVER IN 2 HOURS i
I

R15 8.23E-002 NONRECOVERY OF 0FFSITE AC POVER IN 3 HOURS
R15B 9.18E-001 RECOVERY OF 0FFSITE AC POVER IN 3 HOURS
R16' 5.73C-001 .NONRECOVERY OF 0FFSITE AC POVER IN 0.3 HOURS

I
i R16B- 4.27E-001 RECOVERY OF 0FFSITE AC POVER IN 0.3 HOURS

'

R17 1.29E-001 0FFSITE AC PVR NOT RESTRD IN 4 HOURS IF NO PVR AT 0.3 HR
R17B 8.71E-001 0FFSITE AC PVR-RESTRD IN 4 HOURS IF NO PVR AT 0.3 HR !
R18 4.25E-001 0FFGITE AC PVR NOT RESTRD IN 4 HOURS IF NO PVR AT 2 HRS

,.

j R18B 5.75E-001 0FFSITE AC PVR RESTRD IN 4 HOURS IF NO PVR AT 2 HRS |

t 'R19 9.85E-003 NONRECOVERY OF OFFSITE AC POVER IN 14 HOURS l

h- R2 4.07E-002 NONRECOVERY OF OFFSITE AC POVER IN 8 HOURS
L R20 5.75E-003 NONRECOVERY OF 0FFSITE AC POWER IN 17 HOURS

R23 3.81E-001 0FFSITE AC PVR NOT RESTRD IN 17 HOURS IF NO PVR AT'12 HRS'
-

R23B 6.19E-001! 0FFSITE AC.PVR RESTRD IN 17 HOURS IF NO PVR AT 12 HRS
R24- 3.78E-001 0FFSITE AC PVR NOT RESTRD IN 5 HOURS IF NO PVR AT 2 HRS
R24H 6.22E-001 0FFSITE ~ AC PVR RESTRD IN 5 HOURS IF NO PVR AT 2 HRS |

R25 1.96E-002 NORRECOVERY OF OFFSITE AC POVER IN 11 HOURS -

R26 .5.03E-001- 0FFSITE AC PVR NOT RESTRD IN 14 HOURS IF NO.PVR AT 11 HRS ,

R26B -4.97E-001 OFFSITE AC PVR RESTRD IN 14 HOURS IF NO PVR AT 11 HRS
R27- 1.31E-003 NONRECOVERY OF OFFSITE AC POVER:IN 24 HOURS.

R28 8.21E-003 NONREC0VERY OF OFFSITE AC POWER IN 15 HOURS
.R29' 1 60E-001 0FFSITE AC PVR NOT RESTRD IN 24 HOURS IF NO PVR AT 15 HRS ,

:R29B 8.40E-001 0FFSITE AC FVR RESTRD IN 24 HOURS IF NO PVR AT 15 HRS
R3 1.51E-002 N0hKEC0VERY OF 0FFSITE AC POVER IN 12 HOURS '

L' ''R30 2.678-002 '0FFSITE AC PVR NOT RESTRD IN 24 HOURS IF No PVR AT 7 HRS
|.

- 'R31 4.91E-002 NONRECOVERY OF 0FFSITE AC POVER IN 7 HOURS
R32 5.97E-001 0FFSITE AC PWR NOT RESTRD IN 7 HOURS IF NO PVR AT 3 HRS
R328 4.03E-001- 0FFSITE AC PVR RESTRD IN 7 HOURS IF NO PVR AT 3 HRS

_ _ . _ _ . _ - _ _ _ _ . _ _ _ . _ _ _ _ _ _ . . _ _ _ . _ _ - - . _ _ _ _ . - . _ _ _ _ . -
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Fvent Point Est Descrip_ tion

R33 2.02E-001 NONRECOVERY OF 0FFSITE AC POVER IN 1.7 Il0URS
R33B 7.98E-001 RECOVERY OF 0FFSITE AC POVER IN 1.7 HOURS
R34 6.49E-003 0FFSITE AC FVR NOT RESiRD IN 24 HOURS IF NO PVR AT 1.1 HR
R35 3.53E-001 0FrSITE AC PVR NOT RESTRD IN 1.7 HRS IF NO PVR AT 0.3 HR
R3 6.47E 001 0FFSITE AC PVR RESTRD IN 1.7 Il0URS IF NO PVR AT 0.3 HR
R 5.29E-001 NOFREC0VERY OF OFFSITE AC POVER IN 0.4 !!OURS
R3 4.71E-001 RECOVERY OF OFFSITE AC POVER IN 0.4 Il0VRS
R 1.40E-001 0FFSITE AC PVR NOT RESTRD IN 4 !!OURS IF NO PVR AT 0.4 HR
R3 8.60E-001 0FFSITE AC PVR RESTPD IN 4 HOURS IF NO PVR AT 0.4 IIR
R 8.90E-001 0FFSTTE AC PVR NOT RESTRD IN 4 HOURS IF NO PVR AT 3 HRS
R3 1.02E-001 0FFSITE AC PVR RESTRD IN 4 HOURS IF NO PVR At 3 HRS
R 1.23E-002 NONREC0VERY OF OFFSITE AC POVER IN 13 HOURS
R4 2.04E-001 0FFSITE AC PVR NOT RESTRD IN 12 HOURS IF NO PVR AT 4 HRS
R40 6.16r-001 NONREC0VERY OF OFFSITE AC POVER IN 0.26 HOURS
R40B 3.84E-001 RECOVERY OF 0FFSITE AC F0VER IN 0.26 Il0URS
R41 1.206-001 0FFSITE AC PVR NOT RESTRD IN 4 HOURS IF NO TVR AT 0.26HR
R41B 8.80E-001 0FFSITE AC PVR RESTRD IN 4 HOURS IF NO PVR AT 0.25HR
R42 4.60E-003 NONRECOVERY OF OFFSITE AC POVER IN 18 Il0URS
R43 6.22E-002 0FFSITE AC PVR NOT RESTRD IN 18 H0dRS IF NO PVR AT 4 HRS
R44 5.44E-001 0FFSITE AC PVR NOT RESTRD IN 15 il0URS IF NO PVR AT 12 HRS
R44B 4.56E-001 0FFSITE AC PVR RESTRD IN 15 HOURS IF NO PVR AT 12 HRS
R45 5.59E-002 0FFSITE AC PVR NOT RESTRD IN 18 HOURS IF NO PVR AT 3 HRS
R46 2.29E-001 NONRECOVERY OF OFFSITE AC POVER IN 1.4 HOURS
R46B 7.71E-001 NONREC0VERY OF OFFSITE AC POWER IN 1.4 HOURS
R47 4.33E-001 0FFSITE AC PVR NOT RESTRD IN 1.4 HRS IF NO PVR AT .4 HRS
R47B 5.57E-001 0FFSITE AC PVR NOT RESTRD IN 1.4 ilRS IF NO PVR AT .4 HPt
R48 4.32E-001 0FFSITE AC PVR NOT RESTRD IN 1 HOUR IF NO PVR AT .26 HR
R48B 5.68E-001 0FFSITE AC PVR RESTRD IN 1 HOUR IF NO PVR AT .26 HR
R49 2.46E-003 NONRECOVERY OF OFF"ITE AC POVER IN 21 HOURS
R4B 7.96E-001 0FFSITE AC PVR RESTRD IN 12 HOURS IF NO PVR AT 4 HRS
R5 7.39E-002 NONRECOVERY OF 0FFSITE AC POVER IN 4 Il0VRS
R50 2.00E-001 0FFSITE AC PVR N9T RESTRD IN 21 HOURS IF NO PVR AT 13 IIRS
R50B 8.00E-001 0FFSITE i.C PVR RESTRD IN 21 Il0URS IF NO FVR AT 13 HRS
R51 4.19E-001 0FFSITE AC PVR NOT RESTED IN 15110URS IF NO PVR AT 11 HRS
R51B 5.81E-001 0FFSITE AC PVR RESTRO IN 15 HOURS IF NO PVR AT 11 HRS
RS2 4.67E-001 0FFSITE AC PVR NOT RESTRD IN 17 HOURS IF NO PVR AT 13 HRS
RS2B 5.33E-001 0FFSITE AC PVR RESTRD IN 17 HOURS IF NO PVR AT 13 HR3
RS3 6,96E-001 0FFSITE AC PVR NOT RESTRD IN 6 HOURS IF NO PVR AT 3 HRS
RS3B 3.04E-001 0FFSITE AC PVR RESTRD IN 6 HOURS IF NO PVK AT 3 HRS
R54 2.29E-002 0FFSITE AC PVR NOT RESTRD IN 24 HOURS IF NO PVR AT 6 HRS
RSS 2.38E-001 NONRECOVERY OF 0FFSITE AC POVER IN 1.3 HOURS
R55B 7.62E-001 RECOVERY OF OFFSITE AC POVER IN 1.3 Il00RS
RS6 5.50E-003 0FFSITE AC PVR N01 RESTRD IN 24 Il0URS IF NO PVR AT 1.3 HR
R57 4.50E-001 0FFSITE AC PVR NOT RESTRD IN 1.3 HRS IF NO PVR AT 0.4 HR
R57B 5.50E-001 0FFSITE AC PVR RESTRD IN 1.3 HOURS IF NO PVR AT 0.4 HR
R58 1.64E-003 NONREC0VERY OF OFFSITE AC POVER IN 23 HOURS
R59 8.37E-002 0FFSITE AC PVR NOT RESTORED IN 23 HRS IF NO PVR AT 11 URS
R6 2.41E-002 NOURECOVFRY OF 0FFSITE AC POVER IN 10 HOURS
R60 3.29E-001 0FFSITE AC PVR NOT RESTORFD IN 6 HOURS IF NO PVR AT 2 HR
R60B 6.71E-001 0FFSIIE AC PVR RESTORED IN 6 !!OURS IF NO PVR AT 2 HRS

-
_ _ _ _ _ _ _ _ _
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R61 4.92E-003 0FFSITE AC PVR NOT RESTORED IN 24 HRS IF NO PVR AT 1 110UR
R62 1.09E-002 0FFSITE AC PVR NOT RESTORED IN 17 HRS IF NO PVR AT 0.4 llR
R7 7.75E 001 0FFSITE AC PVR NOT RESTRD IN 6 POURS IF H0 l'VR AT 4 IIR
R7B 2.25E-001 0FFSITE AC PVR RESTRD IN 6 HOURS IF NO FVR AT 4 HR
R8 3.26E-001 0FFSITE AC PVR NOT RESTRD IN 10 HOURS IF NO PVR AT 4 HR
R8B 6.74E-001 0FFSITE AC PVR RESTRD IN 10110U:15 IF NO PVR Ar 4 HR
R9 2.11E-002 0FFSITE AC PVR NOT RESTRD IN 10 HOURS IF NO PVR AT 6 HR
RCCLDECST 1.60E-003 CST LOV LEVEL ACTUATION LOGIC HARDVARE FAILUP.E
RCCLDEL2 1.60E-003 RCIC AUTOMATIC L2 ACTUATION LOGIC HARDVARE FAILURE

'

RCCLDELO 1.60E-003 kCIC LEVEL 8 ACTUATION LOGIC HARDVARE FAILURE
RCCLDEMINFLOV 1.60E-003 MIN FLOV ACTUATION LOGIC llARDVARE FAILURE
RCCLLF1E51C0001 1.25E-004 1E51-C0001 CONTROL LOGIC FAILS TO FUNCTION
RCCVN01E51F0011 1.00E-004 1E51-F0011 CHECK VALVE NC -~ FAILS TO OPEN
RCCVN01E51F0021 1.00E-004 1E51 F0021 CllECK VALVE NC - FAILS TO OPEN
RCCVN01E51F0030 1,00F-004 1E51-F0030 CHECK VALVE NC - FAILS TO OPEh
RCCVN01E51F0040 1.00E--004 1E51-F0040 CnECK VALVE NC - FAILS TO OPEN
RCCVN01E51F0065 1.00"-004 1E51-F0065 CHECK VALVE NC - FAILS T3 OPEN
kCCVN01E51F0066 1.00E-004 1E51-F0066 CHECK VALVE NC - FAILS TO OPEN
RCCVN01E51F0577 1.00E-004 1E51-F0577 CiiECE VALVE NC - FAILS TO OPEN
RCHICPEL-2-CST-S 5.00E 002 OPERATOR FAILS TO PREVENT SUCTION SHIFT TO SUPP POOL
RCHICPSS1 -LDTRIP 5.00E-002 FAILURE TO RECOVER ISOL SIGNAL ON HIGH STEAM TUPNEL TEMP

O RCH1CPSE51-5:1 5.00E-002 0FERATOR FAILS TO PERFORM RCIC SULTION SHIFT
O RCHIMASE51-4:1 0.00E4000 FAILURE TO RESTORE RCIC FOLLOVING MAIN *ENANCE

RCLXCCCSTLOV 9.59E-005 CST LOV LEVEL INSTR COMMON CAUSE MISCALIBRATION
RCLXDE1E51N0035A 9.58E-004 1E51-N0035A CST LEVEL INSTRUMLNT FAILS TO FUNCTION
RCLXDE1E51N0035E 9.58E-004 1E51-N0035E CST LLVEL INSTRUMENT FAILS TO FUNCTION
RCMVFC1E51F0010 2.40E-006 1E51-F0010 MOTOR VALVE FAILS TO REMAIN OPN
'ACEVFCIE51F0063 2.40F-006 1E51-F0063 MOTOR VALVE FAILS TO REMAIN OPN
RCMVFC1E51F0064 2.40E-006 1E31-F0064 MOTOR VALVE FAILS TO REMAIN OPN
RCMVF'1E51F0068 2.400-006 1E51-F0068 MOTOR VALVE FAILS TO REMAIN OPN
RCMVNCIE51F0045 2.93E-003 1E51--F0045 MOTOR VALVE NO - FAILS TO CLOSE
RCMVN01E51F0013 2.93E-003 1E51-F0013 MOTOR VALVE NC - FAILS TO OPEN
RCMVN01E51F0019 2.93E-003 1E51-F0019 MOTOR VALVE NC - FAILS TO OPEN
RCMVN01EblF0031 2.93E-003 1E51-F0031 MOTOR VALVE NC - FAILS TO OPEN
RCMVN01E51F0045 2.93E-003 1E51F0045 MOTOR VALVE NC - FAILS TO OPEN
RCMVN01E51F0046 2.93E-003 1E51 "0046 MOTO' VALVE NC - FAILS TO OPEN'

RCPRN01E51F0015 1.00E-003 1E51-F0015 ThESDURE REGULATOR FAILS TO OPEN
RCRCUM 1.81E-002 RCIC UNAVAILABLE DUE TO MAINTENANCE
RCTPFRIE51C0001 1.13E-001 1E51-C0001 TURBINE PUMP FAILS TO RUN
RCTPFh1E51C001 1.98E-002 1E51-C0001 TURBINE PUMP FAILS TO RUN
RC*PFS1E51C0001 2.93E-003 1E51-C0001 TURBINE PUMP FAILS TO START
RCXVPLIE51F0501 1.37E-004 1E51-F0501 MANUAL VALVE PLUGGED
RCXV8' LIE 51F0502 1.37E.004 1E51-F0502 MANUAL VALVE PLUGGED'

RPHICPERC-1:0-2 1.00E-004 OPERATOR FAILS TO SCRAM REACTOR
RECIPC PUMP FAILS TO TRIPRPT 1.00E-004 s a

RPVLEVEL8 TRIP 1.00E-001 FROB THAT RFP VILL NOT BE AVAIL DUE TO RPV LEVEL 8 TRIP

A G1 3.00E-004 XHTERMEDIATE LOSS OF COOLANT ACCIDENT (INTERMEDIATE LOCA)

V F.2 3.00E-003 SMALL LOSS OF COOLANT ACCIDNET (SMALL LOCA)
,.

SACLLF2P51C0001 1.25E-004 2P51-C0001 CONTROL LOG 1C HARDVARE FAILURE
SACHFRIP51C0001 3.83E-003 1P51-C0001 COMPRESSOR FAILS TO RUN
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o
SACHFR2P51C00t. 3.83E-003 2P51 C0001 COMPRESSOR FAILS TO RUN
SACHFS2P51C0001 8.25E-002 2P51-C0001 COMPRESSOR FAILS TO START
SAHICPSP51-4:2 5.00E-002 OPERATOR FAILS TO REPOSITION NCC LUBE OIL CLR OUYLET VLV
SAllIMASP51-4 :1: 2 1.00E-003 FAILURE TO RESTORE FOLLOVING MAINTENANCE
SAPXDE2P51N0185 9.59E-005 2P51-N0185 PRESSURE SENSUR FAILS TO FUNCTION
SCHICPSE12-5:3 1.09E-004 OPERATOR FAILS TO ALIGN RilR TO SUPP POOL COOLING
SCHICPSE12-5:3A 1.09E-004 OPERATOR FAILS TO ALIGN RHR TRAll. A TO SUPP POOL CLNG
SCHICPSE12-5:3B 1.09E-004 OPERATOR FAILS TO ALIGN RMR TRAIN B TO SUPP POOL CIRC
SCMVCC 9.25E-005 SUPP POOL RTRN VLVS COMMON CAUSE FAILURE #
SCMVF01E12F0053A 1.20E-005 1E12-F0053A MOTOR VALVE NC - FAILS OPEN
SCMVF01E12F0053B 1.20E-005 1E12-F0053B MOTOR VALVE NC - FAILS OPEN
SCMVNCIE12F0027A 2.93E-003 1E12-F0027A MOTOR VALVE NO - FAILS TO CLOSE
SCMVNCIE12F0027B 2.93E-003 1E12-F0027B HOTOR VALVE NO - FAILS TO CLOSE
SCMVNCIE12F0048A 2.93E-003 1E12-F0048A MOTOR VALVE NO - FAILS TO CLOSE
SCMVNCIE12F0048B 2.93E-003 1E12-F0048B HOTOR VALVE NO - FAILS TO CLOSE
SCMVN01E12F0024A 2.93E-003 1E12-F0024A MOTOR VALVE NC - FAILS TO OPEN
SCMVN01E12F0024B 2.93E-003 1E12-F0024B MOTOR VALVE NC - FAILS TO OPEN
SICHFRIP57C0001 3.83E-003 1P57-C0001 COMPRESSOR FAILS TO RUN
SICVF01P57F0555A 3.44E-003 1P57-F0555A CHECK VALVE FAILS OPEN
SICVF01P57F0555B 3.44E-003 1P57-F0555B CHECK VALVE FAILS OPEN
SICVF01P57F0556A 3.44E-003 1P57-F0556A CHECK VALVE FAILS OPEN
SICVF01P57F0556B 3.44E-003 1P57-F0556B CHECK VALVE FAILS OPEN
SILVN01P57F0524A 1.00E-004 1P57-F0524A CilELK VALVE NC - FAILS TO OPEN
SICVN01P57F0524B 1.00E-004 1P57-F0524B CilECK VALVE NC - FAILS TO OPEN
SIHICPSP57-7:1 5.00E-002 OPERATORS FAIL TO CONNECT AIR CYLINDERS
SIHICPSP57-7:1 A 5.00E-003 OPERATORS FAIL TO CONNECT AIR CYLINDERS
SIllICPSP57-7: 1: B 5.00E-003 OPERATORS FAIL TO CONNECT AIR CYLINDERS
SIllIMASP57-4 :0: A 0.00E+000 FAILURE TO RESTORE F0114VING MAINTENANCE
SIllIMASP57-4:0: B 0.00E+000 FAILURE TO RESTORE FOLLOVING MAINTENANCE
SIMVFCIP57F0015A 2. 4C P.-006 1P57-F0015A MOTOR VALVE NO - PAILS CLOSED
SIHVFC1P57F00153 2.40E-006 IP57-f0015B MOTOR VALVE NO - FAILS CLOSED
SIMVFC1P57F0020A 2.40E-006 1P57-F0020A MOTOR VALVE NO - FAILS CLOSED
SIMVFC1P57F0020B 2.40L-006 1P57-F0020B HOTOR VALVE NO - FAILS CLOSED '

SLCVN01C41F0006 1.00E-004 1C41-F0006 CilECK VALVE NC - FAILS TO OPEN
SLCVN01C41F0007 1.00E-004 1C41-F0007 CHECK VALVE NC - FAILS TO OPEN
SLCVN01C41F0033A 1.00E-004 1C41-F0033A CHECK VALVL NC - FAILS TO OPEN
SLCVN01041F0033B 1.00E-004 1C41-FD033B CHECK VALVE NC - FAILS TO OPEN
SLEVCC 2.93E-004 SLC EXPLOSIVE VALVE COMMON MODE Fall.URE
SLEVN01C41F0004A 2.93E-003 1C41-FC004A EXPLOSIVE VALVE NC - FAILS TO OPEN
SLEVN01C41F0004B 2.93E-003 1C41-F0004B EXPLOSIVE VALVE NC - FAILS TO OPEN
SLHICPEO-6-RPVLC 5.00E-002 OPER FAILS TO CNTRL RPV LVL & MAINTAIN BORON INVENTORY
SLHICPEG-6-SLC1 1.25E-003 OPERATOR FAILS TO INITIATE SLC 1 PUMP INJECTION
SLHICPEG-6-SLCX 1.00E4000 OPERATOR FAILS TO INITIATE SLC LEVEL CONTROL FAILS
SLHICREQ-6-SLCR 1.00E-001 OPER FAILS TO INITIATE SLC GIVEN CORE DAMAGE
SLHIMA 0,00E4000 FAILURE TO RESTORE SLC FOLLOVING MAI!UENANCE/ TEST
SLMPCC 2.93E-004 5LC MOTOR PUFPS COMMON CAUSE FAILURE
SLMPFRIC41C0001A 1.20E-004 1C41-C0001A MOTL' PUMP FAILS TO RUN
SLMPFRIC41C0001B 1.20E-004 1C41-C0001B MOTOR PUMP FAILS TO RUN
SLMPFS1C41C0001A 2.93E-003 1C41-C000iA MOTOR PUMP FAILS TO START
SLMPFSIC41C0001B 2.93E 003 1C41-C0001B MOTOR PUMP FAILS TO START
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SLMPUH1C41C0001A 1.65E-002 1C41-C0001A UNAVAILABLE DUE TO HAINTENANCE
; SLMPUH1C41C0001B 1.65E-002 1C41-C0001B UNAVAILABLE DUE TO HAINTENANCE

SLHVCC 9.25E-005 SLC HOTOR VALVES COMHON CAUSE FAILURE
SLHVCC1G33 9.25E-005 RVCU VALVES COMMON CAUSE FAILURE
SLHVNC1G33F0001 2.93C-003 1G33-F0001 MOTOR LVE NO - FAILS TO CLOSE
SLHVNC1G33F0004 2.93E-003 1G33-F0004 HOTOR VALVE NO - FAILS TO CLOSE :
SLHVN01C41F0001A 2.93E-003 1C41-F0001A MOTOR VALVE NC - PAILS TO OPEN t

SLH7N01C41F0001B 2.93E-003 1041-F0001B HOTOR VALVE NC - FAILS TO OPEN |

SLHVUH1C41F0001A 1.08E-002 1C41-F0001A UNAVAILABLE DUE TO HAINTENANCE ,
'

SLHVUH1C41F0001B 1.08E-002 1C41-F0001B UNAVAILABLE DUE TO HAINTENANCF. -

^

SLRVF01C41F0029A 1.60E-005 1c41 F0029A RELIEF VALVE NC - FAILS OPEN
SLRVF01C41F0029B 1.60E-005 1C41-F0029B RELIEF VALVE NC - FAILS OPEN ,

SLXVPLIC41F0002A 4.50E-005 1C41-F0002A MANUAL VALVE PLUGS !

SLXVPL1C41F0002B 4.50E-005 1C41-F0002B HANUAL VALVE PLUGS j

SLXVPLIC41F0003A 4.50E-005 1C41-F0003A MANUAL VALVE PLUGS
SLXVPLIC41F0003B 4.500-005 1C41-F0003B LANUAL VALVE PLUGS
SLXVPLIC41F0036. 4.5UE-005 1C41-F0036 MANUAL VALVE PLUGS :

SLXVPLIC41F0057A 4.50E-005 1C41-F0037A MANUAL VALVE PLUGS |
'

'SLXVPLIC41F0037B 4.50E-005 1C41 F003/P HANUAL VALVE NC - FAILS TO OPEN
'

SHCLLF1G43A 1.25E-004 SPMU TRAIN A CONTROL LOGIC FAILS
SHCLLFIG43B 1.25E-004 SPMU TRAIN B CONTROL LOGIC FAILS i

O *SHMVCC
9.25E-005 SPMU HOTOR VALVE COMMON CAUSE FAILURE

HHVN01G43F0030A 2.93E-003 1G43-F0030A N0 TOR VALVE FAILS TO OPEN ,

t SHMVN01G43F00308- 2.93E-003 1G43-F0030B HOTOR VALVE FAILS YO OPEN
L SHMVN01G43F0040A 2.93E-003 1G43-F0040A HOTOR VALVC FAILS TO OPEN [

SHMVN01G43P0040B 2.93E-003 3G43-F004CB HOTOR VALVE FAILS TO OPEN
SHRANDOH-SRVTPLL- 5.00E-001 SMALL LOCA RANDOM SPMU DUMP LIFTS SP INTO UNSAFE ZONE
SPPTCPPS4:5SPCU 1.00E4000 OPERATORS FAIL TO ALIGN SUPP POOL C/U ALTERNATE INJECTION
SPHICPPS4:5SPCUL' 5.00E-002 OPERATORS FAIL TO ALIGN SUP POOL C/V ALT INJECTION (LATE)

'

SPHPFR!G4200001 7.20E-004 1G42-C0001 H0 TOR PUMP FAILS T0 RtN
.SPHPFSIG42C0001 2.93E-003 1G42-C0001 HOTOR PUNP FAILS TO FTART
SPliVN01G42F0010 2.93E-003 1G42-F0010 HOTOR VALVi NC - FAILS TO OPEN
SPHVN01G42F0020 2.93E-003 1G42-F0020 HOTOR VALVE NC - FAIL 3 TO OPEN
SVCLLF1P41C001D 1.25E-004 1P41-C001D CONTROL 10GIC FAILS TO FUNCTION

"

SVHPFRIP41C001A 7.20E-004 1P41-C001A HOTOR PUMP FAILS TO RUN
SVHPFR1P41C001B 7.20E-004 1P41-C001B HOTOR PUMP FAILS TO RUN
SVHPFRIP41C001C 7.20E-004 1P41-C001C HOTOR PUMP FAILS TO RUN

.SWHPPR1P41C001D 7.20E-004 1P41-C001D HOTOR PUMP FAILS TO RU3
SVHPFS1P41C001D 2.93E-003 1P41-C001D MOTOR PUMP FAILS TO START
SVHPUH1P41C0010 5.00E-001 STANDBY SERV"', VATER PUHP UNAVAIL DUE TO HAINTENANCE

T1- 6.09E-002 LOSS OF-OFFSI d POVER TRANSIENT (LOOP)
T2 1.62E+000~ TRANSIENT VITH LOSS OF POVER CONVERSION SYSTEM

'T3A 4.51E+000 TRAN51ENTS VITH PCS INITIALLY AVAILABLE-
T3B 7. 60E- 001 TRANSIENT V/ LOSS OF FEEDVATER BUT W/ PCS INITIALLY AVAIL ,

T3C' 1.40E-001 TRANSIENT CAUSED BY INADVERTENT OPEN RELIEF VALVE ON RTV
7BFAFR1H3500001A 3.00E-004 1H35-C0001A FAN FAILS TO RUN
TBFAFR1H35C0001B 3.00E-004 1H3$-C0001B FAN FAILS TO RUN

0' TBFAFR1H35C000ic 3.00E-004 1H35-C0001C FAN FAILS TO RUN
L TBFAFS1H3500001C 3.75E-004. 1H35-C0001C PAN FAILS 'O START

TBHICPSH35 5.00E-002 OPERATOR FAILS TO START STANDBY FAN

-

-

. __
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TCV B.51E-002 LOSS OF CONTROL COMPLEX CllILLED VATTR
TIA 9.20E-002 LOSS OF INSTRUMENT AIR
TSV 1.00E-003 LOSS OF SERVICE VATER
TVCLLF1P44C0001C 1.25E-004 1P44-C0001C CUh* TROL LOGIC FLILS TO START
TVHPTRIP44C0001A 7.20E-004 IP44-C0001A HOTOR PUMP FAILS TO RUN
TVHPFR1P44C0001P 7.20E-004 1P44-C0001B HOTOR PUMP FAILS TO RUN
TVHPFR1P44C0001C 7.20E-004 1P44-C0001C HOTOR PUMP FAILS TO RUN ,

TVHPFS1P44C0001C 2.93E-003 iP44-C0001C HOTOR PUMP FAILS TO START
TVHPUH1P4400001C 5.00E-001 1P44-C0001C HOTOR PUMP UNAVAIL DUE TO HAINTENANCE l

'

U109B P.95E-001 COMPLEMENT TO U109
U111B 8.96E-001 COMPLEMENT TO U111
U202B 7,82E-001 COMPLEMENT TO U202
U207B 8.75E-001 COMPLEMENT TO U207
U210B 8.34E-001 COMPLEMENT TO U210
VA03B 8.38E-001 COMPLEMENT TO VA03
VA04B 7.33E-001 COMPLEMENT TO VA04
VA05B 8.76E-001 COMPLEMENT TO VA05

'

VA08B 7.19E-001 COMPLEMENT TO VA08
|

VA09B 5.33E-001 COMPLEMENT TO VA09'

VA108 8.23E-001 COMPLEMENT TO VA10
VA15B 5.44E-001 COMPLEMEtn TO VA15
VA16B 7.29E-001 COMPLEMENT TO VA16
VA18B 8.01E-001 COMPLEMENT TO VA18
VA20B 7.44E-001 COMPLEMENT TO VA20
X26B 1.00E+000 COMPLEMENT TO X26
X33B 9.00E-001 COMPLEMENT TO X33
Xfl0S-LO-T.V-PRESS 0.000 000 DV PRESSURE TOO LOV TO CAUSE ACTl'ATION YES 1.0 N0 0.0

*: X110SACPOVER1 0.00E+000 RECOVERY OF AC PVR IN 1 Il0UR 1 HOUR 1

XIIOSACPOVER10 0.00E+000 RECOVERY OF AC PUR IN 10 ll0URS 10 = 1
XHOSACPOVER10:4 0.00E+000 RECOVERY OF AC PVR IN 10 il0VRS CIVEN 4 10:4 - 1
XfiOSACPOVER10:6 0.00E+000 RECOVERY OF AC PVR IN 10 HOURS GIVEN 6 10:6 - 1
XHOSACPOVER11 0.00E+000 RECOVERY OF AC PVR IN 11 HOURS 11 30URS - 1
XHOSACPOVER12 0.00E+000 RECOVERY OF AC PVR IN 11 HOURS 1; HOURS - 1
XHOSACPOVER12:10 0.00E+000 RECOVERY OF A CPVR IN 12 HRS GIVEN 10 12+10 = 1
Xi!05ACPOVER12: 4 0.00E+000 RECOVERY OF AC PVR IN 12 HOURS GIVEN 4 12:4 - 1
Xil0SACPOVER13 0.00E+000 RECOVERY OF AC PVR IN 13 HOURS 13 Il0URS = 1
X1105ACPOVER14 0.00E+000 RECOVERY OF AC PVR IN 14 HOURS 14 H3URS = 1
X1105ACPOVER14:11 0.00S4000 RECOVERY OF AC PVR IN 14 GIVEN 11 HRS 14:11 - 1
X10SACPOVER15 0.00E+000 RECOVERY OF AC PVR IN 15 HOURS 15 HOURS 1

Xil0SACPOVER15:11 0.00E+000 RECOVERY OF AC PVR Ill 15 GIVEN 11 HRS 15:11 - 1
X!!0SACPOVER15 12 0.00E+000 RECOVERY OF AC PVR IN 15 GIVEN 12 IIRS 15:12 - 1
XH0$ACPOVER17 0.00E4000 RECOVERY OP AC PVR IN 17 Il0URS 17 - 1
XHOSACPOVER17:12 0.00E+000 RECOVERY OF AC PVR IN 17 HRS GIVEN 12 17:12 - 1
X110SACPOWER17: 13 0.00E+000 RECOVERY OF AC PVR IN 17 IIRS GIVEN 13 17:13 1

XHOSACPOVER17:P4 0.00E+000 RECOVERY OF AC PVR IN 17 GIVEN 0.4 HR 17:0.4 1

X110SACPOVER18 0.00E+000 RECOVERY OF AC PVR IN 18110URS 18 HOURS - 1
XHOSACPOVER18:3 0.00E+000 RECOVERY OF AC PVR IN 18 GIVEN 3 liOURS 1813 - 1
X110SACPOVER18:4 0.00E4000 RECOVERY OF AC PVR IN 10 GIVEN 4 HOURS 18:4 - 1
Xil0SACPOVER1 P26 0.00E+000 RECOVERY OF AC PVR IN 1 110VR GIVN 0.261:P26 1

Xil0SACPOVER1P3 0.00E+000 RECOVERY OF AC PVR IN 1.3 HOURS 1.3 HOURS - 1

__ . _ _, _ __ __ _ _ . _ _ . . . _ __
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XHOSACPOVER1P3P4 0.00E+000 RECOVERY OF AC PVR 1H 1.3 GIVEN 0.4 HR 1.3:0.4 - 1
XHOSACPOVEP1P4 0.00E+000 RECOVERY OF AC PVR IN 1.4 HOURS 1.4 HOURS - 1 ;

XHOSACPOVER1P4P4 0.00E+000 REC 0VERY OF AC PVR IN 1.4 GIVEN 0.4 HR 1.4:0.4 - 1
XHOSACPOVERIP7 0.00S+000 RECOVERY OF AC PVR IN 1.7 HOURS 1.7 HOURS . 1
XHOSACPOVERIP7P3 0.00E4000 RECOVERY OF AC PVR IN 1.7 GIVEN 0.3 HR 1.7:0.3 1

XHOSACPOVER2 0.00E+000 RECOVERY OF AC PVR IN 2 HOURS 2 HOUR 3 1

XHOSACPOVER21 0.00E4000= RECOVERY OF AC PVR IN 21 HOURS 21 HOURS = 1
XHOSACPOVER21:13 0.00E4000 RECOVERY OF AC PVR IN 21-GIVEN 13 HRS 21:13 - 1
XHOSACPOVER23 0.00E+000 RECOVERY OF AC PVR IN 23 HOURS 23 HOURS . 1
XHOSACPOVER23:11 0.00E4000- RECOVERY OF AC PVR IN 23 GIVEN 11 HRS 23:11 - 1
XHOSACPOVER24 0.00E+000 RECOVERY OF AC PVE IN 24--HOURS 24 HOURS = 1
XHOSACPOVER241P3 0.00E+000 RECOVERY OF AC PVR IN 24 G1VEN 1.3 HRS 24:1.3 = 1
XHOSACPOVER241P7 0.00E+000 RECOVERY OF AC PVR IN 24 G1VEN 1.7 HRS 24: 1.7 - 1
XHOSACPOVER24: 1 0.00E4000 RECOVERY OF AC PVR IN 24 GIVEN 1 HOUR 24:1 1

XHOSACPOVER24:15 0.00E+000 RECOVERY OF AC PVR IN 24 GIVEN 15 HRS 24:15 - 1
XHOSACPOVER24:6 'O.00E4000 RECOVERY OF AC PVR IN 24 GIVEN 6 HOURS 24 6 = 1
XHOSACPOVER24:7 0.00E4000 RECOVERY OF AC PVR IN 24 GIVEN 7 HRS-24 7 - 1 ,

XHOSACPOVER3 0.00E+000 RECOVERY OF AC PVR IN 3 HOURS 3 HOURS - 1
XHOSACPOVER4 0.00E4000 RECOVERY OF AC PVR IN 4 HOURS 4 HOURS . 1
XHOSACPOVER4:2 0.00E+000 RECOVERY OF AC PVR IN 4 HOURS GIVEN 2 4:2 1

XHOSACPOVER4: 3 0.00E+000 RECOVERY OF AC PVR IN 4 HOURS GIVEN 3 4:3 1

XHOSACPOVER4:P26 0.00B+000 RECOVERY OF AC PVR IN 4 HOURS GVN 0.26 4 P26 - 1
XHOSACPOVER4:P3 0.00E+000 RECOVERY OF AC PVR IN 4 HOURS GIVEN-.3 4:P3 1' ,

XHOSACPOVER4 P4 0.00E+000 RECOVC.J OF AC PVR IN 4 E00RS GIVEN .4 4 P4 1

XHOSACPOVERS 0.0(E+000 RECOVERY OF-AC PVR IN 5 HOURE 3 HOURS = 1 +

XHOSACPOVERS:2 0.0004000 REC 0VERY OF AC PVR IN 5 H0stRS GIVEN 2 5:2 - 1
XHOSACPOVER6 -0.00E4000 RECOVERY OF AC PVR IN 6 HOURS 6 HOURS = 1
XHOSACPOVER6:2 0.30E+L90 RECOVERY OF AC PVR IN 6 GIVEN 2 HOURS 6:2 = 1-

XH05ACPOVER6:3 0.00'+000 RECOVERY OF AC PVR IN 6 GIVEN 3 HOURS 6:3 = 1
XHOSACPOVER6:4 0.00Ev000 RECOVERY OF AC PVR IN 6 HOURS,GIVEN 4 6:4 = 1
XHOSACPOWER7 0.00E+000 RECOVERY OF AC PVR IN 7 HOURS 7 HOURS 1

'XHOSACPOVER7:3 0.00E4000- RECOVERY OF AC PVR IN 7 GIVEN 3 HOURS 7:3 = 1
XHOSACPOVERB 0.00E*000 RECOVERY OF AC PVR IN 8 HOURS 8 HOURS - 1

c

'XHOSACPOVER9 0.00E+000- RECOVERY OF AC PVR IN 9 HOURS 9 HOURS = 1
XHOSACPOVERP26 0.00E+000 RLC0VERY OF AC PVR IN 0.26 HOURS 0.26 HOURS - 1
XHOSACPOVERP3 0.00E+000 RECOVERY OF AC PVR IN 0.3 HOURS 0.3 HOURS . 1
XHOSACPOVERP4 0.00E+000 RECOVERY OF AC PVR IN 0.4 HOURS 0.4 HOURS .1
XHOSADSAC 0.00E+000 ADS ACCUHULATORS NOT CONSIDERED A SUCCESS

-XHOSCNTNHNTSPRAY- 0.00E4000 CONTAINHENT SPRAY SIGNAL PRESENT CS = 11 NO CS . 0
XHOSFPTTRIPSGNAL 0.00E4000 FEED PUMP TURBINE TRIP SIGNAL TRIP SIGNAL . 1 ,

XHOSHIGUDRYVELL 1.00E+000 HIGH DRYVELL PRESSURE SIGNAL HDP - 1 <

XHOSLONGTERHEVNP 1.00E4000 LONG TEP.H EVENT LTE = 1
XHOSLOOP 1.00E+000 LOSS OF OFFSITE POVER
XHOSHFPSTARTSGNL 1400E+000 HOTOR FEED PUHP START SIGNAL NO START SIGNAL = 1'

XHOSNOAUT0 ADS: 0.00E+000 ADS INHIBITED AUTO ADS . 1 NO AUTO ADS = 0
XHOSNOLOOP 0.00E+000' NO LOSS OF OFFSITE POVER

0.00E+000 NON-ADS'ACCUMUL NOT CONSIDERED A SUCCESS

OXHOSNONADSACXHOSNOSBO- 0.00E+000 NO STATION BLACK 0UT SB0 - 0 NO SB0 = 1
XHOSN0 STEAM 1.00E+000 POVER CONVERSION SYSTEH IS NOT AVAILABLE

| XHOSRCICISOL 0.00E4000 STEAM SUPPLY FAILS DUE TO ISOLATION SIGNAL
!.
p

-, - - - - -- - - - ._ . -- , - - - - - ,.
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Table 3.3.2-1 BASIC EVElff DATA BASE

Event Point Est Desc ript f ort
_

_

Xfl0SRCICR00MCLNG 0.00E+000 RCIC RM CLNG RORD NO C00LINC . O C00LINti 1

XHOSRPVL1 1.00E4000 PRV LOV VATER LEVEL 1 SIGNAL LEVEL 1 1

XHOSSB0 1.00E4000 STATION BLACKOUT SB0 = 1 NO SB0 = 0
Y17B 9.21E-001 COMPLEMENT TO Y17
ZERO 0.00E4000 BASIC EVENT SET TO 0.0

|
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Table 3.3.3-1 Iluman Interaction Basic Events

_ Basic Zvent Id Point 2st Description __

ADillCPC5-1-ADS-A 3.79E-003 OPERATOR FAILS TO INHIBIT ADS ATVS V/ FEEDVATER
ADilICPC5-1-ADS-1 3.60E+000 OPERATOR FAILS TO INilIBIT ADS ATVS V/0 FDV & IDRV
ADilICPCS-1-ADS-L 3.60E-002 OPERATOR FAILS TO INillBIT ADS ATVS V/ LOOP
ADilICPC5-1-ADS-0 7.20E+000 OPERATOR FATLS TO INHIBIT ADS ATVS V/0 FEEDVATER
ADHICPEC2-ADS-LR 9.99E-005 FAILS TO RECOVER FROM RPV DEPRESS CD FAILURE
ADHICPEC2-ADS-R 1.00E-001 FAILS TO PECOVER FROM RPV DEPRESS CD FAILURE
ADHICPEC2-hDS-T 1.00E-003 FAILS TO EMERGENCY RPV DEPRESS TRANSIENT
ADHICPEC5-ADS-FL 7.00E-003 FAILS TO EMERGENCY RPV DEPRESS - ATVS V/ FDV & LVL CNTRL
ADilICPEC5-ADS-FX 1.40E-002 FAILS TO EMERGENCY RPV DEPRESS - ATVS V/ FDV & NO LVL CNT
CAllICPIDOB 4:2 1.00E-003 OPERATORS FAIL TO 6h1FT CONDENSER AIR REMOVAL TO VP & AB
CCllICP 0.00E+000 OPERATOR FAILS TO BYPASS LOCA SIGNAL IN 4.5110URS
CCllICPSP47-5:4 0.00E+000 OPERATOR FAILS TO REALIGN CCCV LOOP C IN 4. 5 1100RS
CDHICPPS2:1-Xil11 1.00E-001 OPERATOR FAILS TO BYPASS Tile RilR LOCA SIGNAL - Xil11
CDHICPPS2:1-XE12 1.00E-C01 OPERATOR FAILS TO BYIASS THE RUR LOCA SIGNAL - XH12
CDHICPPF2:1-XH171.00E-003 OPERATOR FAILS TO BYPASS THE RHR LOCA SIGNAL - XH1X
CSHICPET- 2 : P-1 1.70E-002 OPERATOR FAILS TO INITIATE RHR CONTAINMENT SPRAY
CSilICPET-2:P-1-A 1.70E-002 OPERATOR FAILS TO INITIATE TRN A RilR CONTAINMENT SPRAY
CSilICPET-2 P-1-B 1.70E-002 OPERATOR FAILS TO INITIATE TRN B EllR CONTAINMENT SPRAY
CTillCPPS4:4< ALT 1.00E-001 OPERATOR FAILS TO ALIGN COMDENSATE XFER ALT INJECTION
CTHICPPS4:4-ALT 61.00E-003 OPERATOR FAILS TO ALIGN CONI $CNSATE TRANSFER IN 6 HOURS
CTilICPPS4:4-ALTC 3.00E-001 OPERATO't FAILS TO ALIGN CONDENSATE XFER ALT INJECTION

1.00E-003 FAILS 10 INITIATE CNTHMNT PRESS CNTRL RHR AND VENT

c )
CVilICPEPC-COM
CVHICPEPC-FPCC 1.00E-001 FAILS TO INITIATE CNTNMIC PRESS CNTRL VENTING(
CVilICPEPC-RilR 1. JOE-002 FAILS TO INITIATE CNTNMNT PRESS CNTRL RHR"

CVHICPEPC-R!!R-E 1.00E-001 FAILS TO INITIATE CNTNMNT PRESS CNTRL RHR - S.P. CLNG
CVilICPPS7-RHR 1.00E-005 OPERATOR FAILS TO INITIATE RHR CONTAINFENT VENTING
CVHICPPS7:1-P-T 1.00E-010 OPERATOR FAILS TO PREPARE FOR RilR CNTNMNT VENT - TRAN
CVilICPPS7:3G41-T 9.99E-005 OPERATOR FAILS TO ALIGN FPCC FOR CNTNMNT VENT - TRAN
CVHICPPS7:4E12-T 9.99E-005 OPERATOR FAILS TO ALIGN RHR FOR CNTNMNT VENT - TRAN
CVHICRPS7:3G41-T 5.00E-002 OPERATOR IS UNABLE 10 LOCALLY OPEN IG41-F0145
DGli1CPOS11-2:5 1.25E-003 OPERATOR FAILS TO INITIATE DIESEL GENERATORS
DGilICPOS11-2:5 A 1.25E-003 OPERATOR FAILS TO INITIATE DIV 1 D/G
DGHICP0511-2:5:B 1.25R-003 OPERATOR FAILS TO INITIATE DIV 2 D/G
DGHIMASR43-4:1:A 0.00E+000 FAILURE TO RESTORE FOLLOVING MAINTENANCE
DGHIHASR43-4:1 B 0.00E4000 FAILURE TO RESTORE FOLLOVING MAINIENANCE
DHHICPOS11-2:5:C 1.25E-003 OPERATOR FAILS TO INITIATE DIV 3 D/G
DHHIMASE22B-4: 1 0.00E+000 FAILURE TO RESTORE FOLLOUING MAINTENANCE
ECilICPSP42-4:2 5.00E-002 OPERATOR FAILS TO CLOSE VALVE OP42-F0iSOA(B)
ECHICPSP42-4:2A 5.00E-002 OPERATOR FAILS TO CLOSE VALVE OP42-F0150A
ECHICPSP42-4:2B 5.00E-002 OPERATOR FAILS TO CLOSE VALVE OP42-F0150B
ECHICPSP42-4PHP 5.00E-002 OPERATOR FAILS TO INITIATE PUMP 1P42-C0001A(B)
ECilICPSP42-4 PHPA 5.00E-002 OPERATOR FAILS TO INITIATE PUMP 1P42-C0001A
ECilICPSP42-4PMPB 5.00E-002 OPERATOR FAILS 10 INITIATE PUMP 1P42-C0001B
ECHIMASP42-4:1A 0.00E4000 ECC TRAIN A NOT RESTORED FOLLOVING MAINTEhANCE
ECilIMASP42-4:1B 0.00E+000 ECC TRAIN B NOT RESTORED FOLLOVING MAINTENANCE
ERHICPPS4:2-ESV 1.00E-002 OPEPATORS FAIL TO ALIGN 11 VLYS FOR RPV INJECTION
ESHIMASP45-4.1A 0.00E4000 ESV TRAIN A NOT RESTORED FOLLOVING MAINTENANCE

O ESHIMASP45-4:1B 0.00E+000 ESV TRAIN B NOT RES10 RED FOLLOVING MAINTENANCE(V FSHIMASP45-4: 1C 0.00E+000 ESV TRAIN C NOT RESTORED FOLLOVING MAINTENANCE
FPHICPPS4:2-DD-0 3.00E-002 OPERATORS FAIL TO MAIRfAIN FUEL OIL FOR DIESEL FIRE PHP

!

|
1
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Table 3.3.3-1 Iluman Interaction Basic Events (continued)

} ,_B_asic Event Id Point Est Description

FPHICPPS4:2FP-LE 5.00E-002 OPERATOR FAILS TO ALIGN VLVS FOR LATE FP ALT INJ < 3 HRS
FrilICPFS4: 2FP-LL 5.00E-003 OPERATOR FAILS TO ALIGN VLVS FOR LATE FP ALT INJ > 3 HRS
FPHICPPS4:2RCICI 3.00E-001 FAIL TO ALIGN FP AFTER RCIC FAILS DUU SUPP POOL TEP
FMIICPPS4:2RCIC21.00E-001 FAIL TO ALIGN FP AFTER Rl!R FAILS DUE TO MCC TEMP
FPHICPPS4:2RCIC31.00E-002 FAIL TO ALIGN FP AFTER HPCS FAILS DUE TO MCC TEMP
FPHICPPS4:2RCIC41.00E-001 FAIL TO ALIGN FAST FIRE PROTECTION ALTERNATE INJECTION
FVHICPEC5-2:3LCS 1.00P-002 OPER FAILS TO CfRRL RPV LEVEL AT TAF V/ FV DURING 10RV
FVHICPEC5-3:2 1.00E-002 OPER FAILS TO CONTROL RPV LEVEL AT TAP
FVHICPEL-2-FDV-L 1.0GE-002 OPERATOR FAILS TO RE002N HFP CONTROL VALVES FOR T3C-C
FVHICPEL-2-FDV-V 5.00E-003 OPER FAILS TO REOPN MFP CNTRL VALVES OR DEPRESSURIZE RPV
FVilICPSN27-4:11A 1.20E-001 OPER FAILS TO CNTRL RX FEED BOOSTER PHP DURING LOSS OF IA
FVHICPSN27-4: 11L 5.00E-003 OPER FAILS TO CNTRL RX FEED BOOSTER PHP LOSS OF IA > 2 HRS
PIHICPEC5-3 2-F 1.00E-003 FAILS TO RESTR RHR A/B/LPCS AND CONTRL AT TAF V/ FDV
HIHICPEC5-3:2-S 1.00E-003 FAl'y r0 RESTR RHR A/B/LPCS AND CinRL AT TAF V/0 FDV

HIHICPEC5-5-CRIT 2.00E-003 OPER FAILS TO CNTRL RPV LEVEL AND FoVSHES BORON
llIHICPOR10-4:0-1 5.00E-002 OPLRATOR FAILS TO CLOSE FPCC OUTBOARD VALVE 1G41-F0145
!!!HICPOR10-4:3-B 1.00E-002 OPER FAILS TO X-TIE UNIT 1 AND 2 BATT AND LOAD SHED
HIHICPOR10-4:3-D 2.00E-003 OPER FAILS TO OPEN DIV 3 SVITCHGEAR E00M DOORS
HIHICPOE10-XTIE 5.00E-003 OPERATOR FAILS 'O CROSSTIE Div 3 BUS TO DIV 2 BUS
HPHICPEL-1 1.25E-003 OPERATOR FAILS 70 INITIATE HIGH PRESSURE INJECTION
HPHICPSE22-5:0 5.00E-002 OPERATOR FAILS TO CONTROL HIN PLOV VALVE 1E22-F0012
HPHICPSE22-5:2 5.00E-002 OPER FAILS TO XFER TO SUPR POOL VITH IE22-F015
HPHIMASE22-4:1 0.00E+000 FAILURE TO RESTORE HPCS AFTER MAINTENANCE
IAHICPSP51-4:2 5.00E-002 OPERATOR FAILS TO REPOSITION NCC LUBE OIL CLR OUTLET VLV
IAHICRSP52-7:2 1.00E-001 OPERATOR FAILS TO OVERRIDE ISOLATION SIGNA!.
IAHIMASP51-4:1:2 1.00E-003 FAILURE TO RESTORE FOLLOVING MAINTENANCE
LCHICPEL-1-LPCI 1.00E-003 OPEPATOR FAILS TO INITIATE LPCI B
LCHICPSE12-5:1 5.00E-002 OPERATOR FAILS 10 CONTROL MIN FLOV VALVE 1E!2-F0064A
LCHIHASE12--4 1 A 0.00E+000 FAILURE TO RESTORE IRAIN A LPCI FOLLOVING MAINT _

LCUlMASE12-4: 1B 0.00E+000 FAILURE TO RESTORE TRAIN B LPCI FOLLOVING MAINT
LCHIMASE12-4:1C 0.00E+000 FAILURE TO RESTORE TRAIN C LPCI FOLLOVING MAINT
LPHICPEL-1 1.00F-003 OPERATOR FAILS TO INITIATE LCV PRESSURE INJECTION
LPHICPEL-1-LPCS 1.00E-003 OPERATOR FAILS TO INITIATE LPCS
LPHICPSE21-5:1 5.00E-002 OPERATOR FAILS TO CONTROL MIN FLOV VALVE 1E21-F0011
LPHIMASE21-4:1 0.00E+000 FAILURE TO I- JRE LPCS AFTER HAINTENAtlCE
MCHICRRECVRD4 0.00E+000 MCC, SVTCHGR, a MISC ELECT AREAS RECVRD IN 4 HOURS
HCHICRRECVRD9 0.00E+000 MCC, SVTCHGR, & HISC ELECT AREAS RECVRD IN 9 HOURS
MLHICPR32 1.00E-002 OPERATOR FAILS TO INITIATE MSIV LEAKAGE CONTROL
NSHICPEC5-2-L1 1.00E-001 OPERATOR FAILS TO BYPASS MSIV LEVEL 1 ISOLATION FOR T3C-C
NSHICPEC5-2-LIT 31.00E4000 OPERATOR FAILS TO BYP MSIV LVL 1 ISOL FOR T3A-C OR T3D-C
RCllICPEL-2-LST-S 5.00E-002 OPERATOR FAILS TO 'REVENT SUCTION SHIFT TO SUPP POOL
RCHTCPS51-LDTRIP 5.00E-002 FAILURE TO REC 6VER ISOL SIGNAL ON HIGH STEAM TUNNEL TEMP ,

RCHICPSE51-5:1 5.00E-002 OPER!. TOR FAILS TO PEhPORM RCIC SUCTION SHIFT
RCHIMASE51-4: 1 0.00E+000 FAILURE TO RESTORE RCIC FOLLOVING MAINTENANCEs

RPHICPERC-1:0-2 1.00E-00'. OPERATOR FAILS TO SCRAM RFACTOR
SABICPSP51-4:2 5.00E-002 OPERATOR FAILS TO REPOSITION NCC LUBE OIL CLR OUTLET VLV
SAHIMASP51-4:1:2 1.00E-003 FAILURE TO RESTORE FOLLOVING MAINTLNANCE
SCHICPSE12-5:3 1.09E-004 OPERATOR FAILS TO ALIGN RHR TO SUPP POOL COOLING
SCHICPSE12-5:'5A 1.09E-004 OPERATOR FAILS TO ALIGN RHP TRAIN A TO SUPP POOL CLNG
SCHICPSE12-5:3B 1.09E-004 OPERATOR FAILS TO ALIGN RHR TRAIN B TO SUPP POOL CLNG

. m
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3 Table 3.3.3-1 Hutaan Interaction Basic Events (continuedJ[d-
Basic Event Id Point Est Description

SIHICPSP57-7t1 5.00E 002 OPERATORS-FAIL TO CONNECT AIR CYLINDERS
5IHICPSP57-7:1: A 5.00E-003 OPERATORS FAIL TO CONNECT AIR CYLINDERS
SIHICPSP57-7:3:B 5.00E-003 OPERATORS. FAIL TO CONNECT AIR CYLINDERS
SIHIHASP57-4:0 A 0.00E+000 FAILURE TO RESTORE FOLLOWING MAINTENANCE
SIHIHASP57-4:0B 0.00E+000 FAILURE TO RESTORE FOLLOVING HAINTENANCE
SLHICPEO-6-RPVLC 5.00E-002 OPER FAILS TO CNTRL RPV LVL & HAINTAIN BORON INVENTORY
StilICPEO-6-SLC1 1.25E-003 OPERATOR FAILS TO INITIATE SLC 1 PUMP INJECTION
SLHICPEO.6-SLCX I.00E+000 0PERATOR FAILS TO INITIATE SLC LEVEL CONTROL FAILS
SLUICREO-6-SLCR 1.00E-001 OPER FAILS TO INITIATE SLC GIVEN CORE DAMAGE
StilIHA 0.00E+000 FAILURE TO RESTORE SLC FOLLOVING MAINTENANCE / TEST
SPilICPPS4:5SPCU 1.00E+000 OPERATORS FAIL TO ALIGN SUPP POOL C/U ALTERNATE INJECTION
SPIIICPPS4:5SPCUL 5.00E-002 OPERATORS FAIL TO ALIGN SUP POOL C/U ALT INJECTION (LATE)
TBilICPSH35 5.00E-002 OPERATOR FAILS TO START STANDBY FAN

,
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Table 3.3.4-1

CCF Frobabilities for Various CCF Events

Component Heans s Er i/rdian p5%

H0Vs 9.234 X 10'' 1,82 20 1.'62 X 10'' 3.524 x 10''
ESW Pteps 3.413 X 10'' O.81 3.8 2.450 X 10'' 9.340 X 10''
ECC Pumps 1.291 X 10'' 1.15 6.6 6.664 X 10'' 7.664 x 10'' g

ros 3.670 X 10'' 1.85 21 6.629 X 10'S 1.392 X 10'' -

,
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| Table 3.3.5-1

Punction Unavailabilities

Punction Function Functionrgaation Description Probability

A Large toCA 1.00 X 10''
B101 Div 1 and 2 D/G fail 8.36 x 10''
C01 Rx scram - control ' 00 X 10'S

rods in

C101 SLC injects with 2.35 X 10''
1 of 2 pumps - Loop

C105 SLC injects with 4.70 X 10''
1 of 2 pumps

C107 SLC injects with 4.78 X 10''
1 of 2 pumpn

C108 SLC injects with 1.00
1 of 2 pumps

O C109 SLC injects with 4.52 X 10-#
1 of 2 pumps

C110 SLC injects with 1.03 X 10'3
1 of 2 pumps

C111 SLC injects with 4. 52 x 10-' -

1 of 2 pumps

C112 SLC injects with 7.25 x 10'#
1 of 2 pumps - Lo0P

C114 SLC injects with 5.46 x 10''
1 of 2 pumps

CC01 Control Complex Chilled 0.00
Water recovery

Cv01 Core not vulnerable to 5.70 x 10-8
damage - liPCS

cv02 Core not vulnerable to 4.00 X 10-8
damage - Low Press ECCS

CV03 Core not vulnerable to 1.80 X 10''
damage - FeedwaterO

_ _ . _ _ . . _ _ _ _ - - _ - _ _ - _ - - - - _ - _ - _ - - - - - - - - - - - - - -
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Table 3.3.5-1 continued

runction Unavailabilities
IMnction Function runctionEquation Description Probability

Cv04 Core not vulnerable to 1.40 X 10'*damage - 2njetn outside
aux blongc

H101 Operator act tons taken 1.30 X 10~'
to extend !!PCS operation
SB0

_

HV01 MCC, Swtchgr, & Misc 0.00
Elect Areas INAC - LOOP

INO2 MCC, Swtchgr, 3 Mice 0.00
Elect Areas INAC - LOOP

INO3 MCC, Swtchgt, & Misc 0.00
Elect Areas INAC - LOOP

,

llV04 MCC, Swtchgr, & Mire 0.00
Elect Areas INAC .,00P

101 FPCC isolation shut by 3.44 X 10''
operator or diesel

LCO2 Level Control 1.00 X 10'3
A'lWS

LIO1 Late injection 1.40 X 10'* '

LIO2 Late inject on 2.85 X 10''
L103 Late injection 2.85 x 10''
LIO4 Late injection 1.40 X 10''
LIO9 Late injection 1.60 X 10'2
LIl0 Late it.jection 1.44 X 10'*
LI12 Late injection 1.95 K 10''
LI14. Late injection 1.99 X 10'*
LI15 Late injection 5.43 X 10'*
LI16 Late injection 1.60 X 10'* h
L117 Late injection 1.12 X 10'*

__ - _ _ _ _ _ _ _ - - - - - _ - - - - - - - - - . ----
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'[- Table 3.3.5-1 continued
:
!

runction Unavailabilities '

runction runction runction-Equation Description Probability ;

:'

L119 Late injection 2.36 x 10'8 ;

L121 Late injection 2.13 X 10''
LI22 Late injection 2.41 X 10''

V LI23 Late injection 2.88 a 10'' i

2LI' 4 .Lateil.jection- 7.04 X 10'1
L125- Iate injection 1,57 X 10~2

L126 Late injection 2.81 X 10'*
f,127 Late injection 1.27 X 10''
LI29 -Late injection 3.28 X 10'8
LI30. Late injection 3.76 x 10~8 '

LI31- Lateinjection- 1.41 X 10''-o. >

LI32- Late injection 1.06 X 10'* '

L133 tate injection- 1.14~X 10'1
LI34 Iate injection 1.06 x 10''
'LI35 Iate injection 2.41 X 10'*
LI36' Late Injection 6.54 X 10''

.Lt37 Late injection 2.16-X 10''
. LI3B - Late injection 7.94 X 10''

.

LI39 Late injection' 1.04 X 10'1
LI40 Late injection. 1.52 X 10'8-
LI41- Late injection -4.14 X 10-1

P

LI42 Late Injection ~ 4.65 X 10'*
.

LI43. Late injection 2.07 x 10'*
. LI48 - Late injectjon 1.80 X 10'*;

'
,.
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Tablo 3.3.5--I continued

Function Unavailabilities
_

hinction Function Function!. Equation Deseription Probabi1ity
LI49 Late injection 2.04 X 10-2
LI5O Late injection 4.40 X 10-1 -

kM01 SRVs open 1.00 x 10" \
P101 One SRV opens and 1.60 X 10-2

recloses

P102 One sri opens and 1.60 x 10-#
recloses w/ ?CS avail :_

P101 Two SRVs ogen and 1.60 x 10-'reclose
'

P202 Two SRVs cpen and 1.60 x 10-3
reclose w/PCS avail

1 001 Power conversion system 3. 51 x 10- 8
remains available

003 Power convers. ion system 1.00
remains available

-

004 Power conversion system 1.00
remains available

005 Power conversion system 1.00 X 10-*
remains available

R01 Restot:acion of AC power 1.23 X 10-'
before core damage

R02 Restoration of AC power 1.96 X 10-'
before core damage

203 Rettoration of AC power 1.23 X 10''
before core damage

-

R04 Restoration of AC power 8. 23 x ',0- 2
before core damage

R05 Restoration of AC power 1.96 X 10-'
before core damage

R07 Pestoration of AC power 5.29 x 10-*
tefore core damage

.

___ _ - - - - ~ - - - -'''-
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f ,' Tabie 3.3.5-1 continued
"^

ninction Unavailabilities
'

Function Function ritnetion
Equation Description Probability

- R08 Restoration of AC power 1. 96 :* 10- *
before core damage

R09 Restoration of AC power 1,74 X 10-1
before core damage

RlC1
I

Restoratior .'t AC power 8. 23 X 10- '
-_

before ceu L.- - ge

R102 F~ torat- >t AC power 5.29 x 10-*
Lefore core damage

R103 Restoration of AC power 6.16 X 10-*
before core damage

R201 Restoration of AC power 1.51 X 10-*
before core damage

_ R202 Rest.' ration of AC pow?r 8.98 x 10-*
before core damage

R203 Restorction of AC power 1. 40 X 10- *
before cete damage

R204 Restoratior, of AC power 1.20 X 10-*
before core damage -

R301 Restoration of ac power 3.81 X 10-1
before RFV failure

R302 Restoration of ac power 3.26 X 10-*
_ hefore RPV failure

R303 Restoration of ac power 5.97 X 10-1
before RPV failure

R304 Restoration of ac power 4.19 X 10-1
before RFV failure

R305 Restoration of ac power 4.33 X 10-2
before RFV failure

-

R306 Restoration of ac power 2.66 X 10-2
before RPV failure

-

R307 Restoration of ac power 6.96 X 10'*
before RPV failure I

,

m
n

[
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Table 3.3.fr-1 continued

runction Unavailabilities
Function Pur.ction functionppation Desetiption Probability

R303 Restoration of ar p er 4.50 X 10-8
before RPV failure

R309 Restoration of ac power 5.75 X 10'*
before RPV failure

R310 Restoration of ac power 2.66 X 10'*
befote RPV failure

-

R311 Restoration of ac power 2.00 X 10-1
before RPV tailure

R312 Restoraticn of ac power 2.66 X 10-2
before RFV failure

'

R313 Restoration of ac power 2.66 X 10'*
before RPV failure

R314 Restoration of ac power 4.19 X 10-*e
before RPV failure

R315 Restoration of ac power 5.03 X 10-2
before RPV lailure

R316 Restoration of ac power 5.44 X 10'*
befote RPV failure {

R317 Restoration of ac power 8. 37 X 10- *
before RPV fallute

R318 Restoration of ac power 3. 29 X 10- *
before RPV failure '

R319 Restoration of ac power 6.22 X 10~*
before RPV failure

I

R320 Restoration of ac power 1. 09 X 10" *
before RPV failura

R321 Restoration of ac power 5.59 X 10-2
before RPV failure '

R323 Restoration of ac power 5.97 X 10-1
before RPV failure

R324 Restoration af ac p er 4.32 X 10-2
before RPV tailure

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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- Table 3.3.5-1 continued

Punction Unz,vailabilities

Function Function Pur.;. tion
Equation Description Probability

R32f Restoration of ac power 4.67 X 10-1
before RPV failure

R329 Restoration of ac power 2.04 X 10-2
before RPV failure

R401 Restoration of ac power 2.29 X 10-*
before entnmnt failure

! R402 Restoration of ac power 5.50 X 10-*
before entnet failure

R403 Rectoration of ac power 1.60 X 10-*
before entomnt failure

R404 Restoration of ac power 2.29 X 10- *
before entnmnt failure

R405 Restoration of ac power 4.92 X 10- *
before entnmnt failure

RPT01 Recirculaticn pump trip 1.00 X 10-4

S1 Intermediate LOCA 3.00 X 10-*

S2 Small LOCA 3.00 X 10-*

T1 Loss of Offiste Power 6.09 X 10-*

T?. Transient 1.62
with loss of PCS

T3A Transient 4.51
with PCS available

T3B Loss of feedwater 7.60 X 10''

T3C Inadvertent open 1.40 X 10-*
relief valve

TCW Loss of CCCN D.51 X 10-*

TIA Loss of insnunent 9.20 X 10-*

TSW Loss of Service Water 1.00 X 10-'

_- - - _ - - _ . -
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Table 3.3.5-1 continued

Function Unavailabilities
runction FunctionEquation FunctionDescription

Probability
U101 High Pressure Core

3.94 X 10~#Spray

U102 High Pressure Core
3.91 X 10'*Spray

U104 High Pressure Core
3.73 X 10-2Spray

U105 High Pressure Core
3.73 X 10''Spray i

i
U106 High Pressurre Core i

3.13 X 10- 2Spray

U109 High Pressure Core
1.05 X 10-2Spray - SBO

U110 High Pressure Core
3.91 X 10'' gSpray

v
Ulli High Pressute Core

1.04 X 10-*Spray - LOOP & MCC
HVAC not myleled

U112 High Pressure Core
3.73 X 10-2 i

i
Spray - TCH

U113 High Pressure Core
3.73 X 10-2Spray - TCW

Ulld
| nigh pressure Core

3.73 X 10~2Spray - Flooding
,U202

Reactor Corrs Isolation 2.18 x 10'*Cooling - LODP

U203
neactor Core Isolation 1.74 X 10'*Cooling

U204
Reactor Core Isolation 1.74 x 10''Cooling

U205
Rnctor Core isolation 1.74 x 10'*Cooling

i

_
_ _ _ _ _
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Table 3.3.5-1 continited4

Function Unavailabilities
Function Function FunctionEquation Description Probability

U207 Reactor Core Isolution 1.25 X 10~2
Cooling - SBO

U208 Reactor Core Isolation 2.24 x 10'*
Cooling - Loss of SW

U209 Reactor Core Isolation 6.74 x 10'2
-Cooling - Sntil L(XA

U210 Reactor Core Isolation 1,66 x 10'*
Cooline - Flooding -

U301 Condensate Feedwater 1,46 X 10''
_

U302 C7ndensate Firedwater '9.53 X 10''
U303 Condensate feedwater 1,82 X 30''

U304 Condensate needwater 9.53 X 10''
U305 Condensate Feedwater 9.45 X 10''
U306 Condotisata Feodwater 1.45 X 10~2

A7WS

U307 Condensate Ft edwater 5.95 x 10''
AIWS 7

U308 Condensate Feedwater 1.09 X 10-2
AIWS

U309 Condensate reedwater 1.45 x 10''
Loss of Itistrument Air

U310 Condensate Ieedwater 9.53 X 10~2
w/ MFP & RPV level 8 trip

V01 Low Pressure Makeup : 3 X 10''
V03 Low Pressure Makeup 2.93 X 10''
V04 Low Pressure Makeup 1. 85 X 10- 2

A1WS - LOOP

- r' V05 Low Pressure Makeup 5.06 X 10-3*

AJ.JS w/Feedwater

_ __ _ _ _ _ _ _ _ _ _ _ - - - _ _ - _ _ _ _ - - _ - - - - - - - - - - - - _
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Table 3.3.5-1 continued.

Function Univailabilities
.

Function Function FunctionEquation Description Probabil_i_tyt

V06 Low Pressure Makeup 5.06 X 10''
AWS w/Feedwater

V07 Low Pressuto Makeup 5.06 X 10''
- A WS w/o Feedwater

V08 Low Pressure Makeup 5.06 X 10''
AWS w/o Feedwater (

V11 Low Pressure Makeup 8.55 X 10''
Station Blackout

(V12 Low Pressure Makeup 2.28 X 10~'-

Station Blackout
2- v13 Low Pt*ssure Makeup 1.77 X 10'*

Station Blackouti ,

*
V15 Low Pressure %keup 1.48 x 10''

ICOP & MCC WAC not modeled

',' V?. 7 Low Pressure Makeup 8.53 x 10''
SBO & MCC HVAC not mxieled

VA01 Alternate Law Pressure 1.10 X 10'*
Makeup

VA02 Alternate Low Pressure 3.10 X 10'*
Makeup

VA03 Alternate Los Pressure 1.11 x 10'*
Makeup

VA04 Alternate Low Pressure 2.66 X 10'*
Makeup - Fire Water

6

VA05 Alternate Les Pressure 1.24 X 10'*
Makeup - Rx Feed Bstr Pmps

VA06- Alternate low pressure 1.58 X 10''
makeup - after HPCS success

Vn* 07 - Alternate low pressure 8.S4 X 10-2
makeup - SBo

9VA08 Alternate low pressure 2.67 X 10'*
makeup - imp

1

|

. _ _ _ _ _ _ _ - _ _ - - - .-
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; r~ x Table 3.3.5-1 continued
--

, -

^)% . _ ' runction Unava!1 abilities
irunetion' runctton runction-Equation pescription Probability-

-VA09 Alternate low pressure 4.67 x 10'*
makeup - LOOP

VA10 Alternate low pressure 6.45 X 10'*makeup - SB0

VAll Alternate low prersure 2.67 X 10-2
makeup - LOOP

val 2- Alternate low pressure 2.08 X 10''
makeup - Loop

vh13 -Alternate low pressure ),31 X 10''
makeup

VA14 Alternate low pressure 4.96 X 10'd
makeup

-VA15 Alternate low pressure. 4.56 x 10~2y'
i.)4 makeup

VA16' Alternate low pressure 2.58 X 10'*
makeup

VA17 Alternate Icw pressure 6.40 X 10'*
makeup

VA18 Alternate-low pressure 7.32 X 10~3
makeup

VA19 Alternate. low pressure 1.10 X 10''
makeup-

VA20- Alternate low pressure 2.56'X 10'*
makeup

VP01 Prevent vessel overfill 2.00 X 10'*
A2WS

W01' .Long Term Containment- 6.94 X'10'*
Heat Removal w/RHR

J W33 Long Term Centainment 2.30 X 10''
Heat Remova1. w/RHR

- uoss of offsite power
' '

| ..
t-

t v

l,
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Table 3.3.5-1 continued

runction Unavailabilities
runc'clon function !NnctionEqdation Descript l'1n Probability

WO4 Long Term Lontainment 2.37 X 10~'
Heat Remova.1 w/RHR
Loss of offsite power

WO5 Long Term containment 6.53 X 10-'
lleat Removal \ "RHR

WO6 Long Term Containment 6. 9 4 X 10- '
Heat Removal w/RHR

WO7 Long Term Containment 6. 03 X 10''
Heat Removal w/PER

WOB Long Term containment 2.57 X 10-2
Heat Removal w/TlHR
LOOP /ATWS

W10 Long Term Containment 7.17 X 10~'
Hett Removal w/FHR ATWS

Wil Long Term Containment 7.17 X 10-'
Heat Removal w/MR ATWS

W12 Long Term Containment 1.96 X 10~#
Heat Removal w/RHR
Station Blackout

W13 Long Term Containment 8.96 X 10-'
Heat Removal w/RHR
Station Elackout

W14 Long Term Containment 2.69 X 10-2
Heat Removal w/BMR
Station Blackout

W15 Long Term containment 1.96 X 10-2
Heat Removal w/RIIR
Station Blackout

W1B Long Term Containment 6.38 X 10-'
Heat Removal with RHR

W19 Long Term containment 2. 69 x 10- 2
Heat Removai vith RHR
Station Blackout
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" >M - Table 3.3.5-1 continuedi i
V

Dinction~Unavailabilities
Function Function FunctionEquation Descript ion gebability

W20 Long Term Centainment 2.69 x 10~'
Heat Removal with RHR
Station Blackout

W21 Long Term Centainment 1.81 X 10-2
,

Heat Removal with RHR
Stati3n Blackout

W23- Long Term Containment 2.18 X 10~2
Heat Removal with RHR,,

SBO & MCC m'/.C not modeled

W24 Long Term Containment 8.94 X 10''
Heat Removal with RHR
SBO & MCC HVAC not modeled

W25 Long Term Containment 9.05 X 10'* >

Heat Removal with RHR
SBO & MCC HVAC not modeled

'f')
(f W26: Long Term containment 5.36 x 10'2

..

' ' Heat Removal with RER
'SBO & MCC kVAC not modeled

W27 _Long Term Centainment 1.47 X'10'*
Heat Removal with RHR
SBO & MCC HVAC not modeled

W2B Long Term containment. 5.36 X 10-2
Heat Removal with RKR

.

Station Blackout

W40 Long Term Containment 5.23 X 10~ *
Heat Removal with RHR
Station Blackout

'

W41 Long Term Ccntairaent 1.27 X 10'1
Heat Removal with RHR
SBO & MCC HVAC not modeled

| WC03 containment Spray 4.33 X 10''
WC04 containment' spray 3.37 X 10~'

p' - WC05 Containment 2: pray 1.27 X 10'*
N ,/

; - WC06 Containment bpray 1.32 X 10-#

|

_ --
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Teloie 3.3.5-1 continued
,

runction Unavailabilities
runction Function Functiong ation DescrlJ. tion Probability

WC07 Containment Spray 1.27 X 10''
WCOB Containment Spray 4.60 X 10-2
WC10 containment Spray 2.62 X 10''
WC11 Containment Spray 2.62 X 10'' ',

WC13 containment Spray 1.09 X 10'*
NC16 Containment Spray 2. 58 X 10-'
WC1B containment spray 1.27 X 10''
WC20 Containment Spray 4.60 X 10''
WC23 containment spray 2. 81 X 10- 2

,

WC24 Containment Spray 9.58 X 10''
WC26 Containment Spray S.55 X 10'*
WC2B Containment Spray 5.55 X 10'*
WC30 Containmer.t Spray 4.45 X 10'*

eWC31 Containment Spray 7.22 X 10'*
WC32 containment .3 pray 4.93 X 10''
WC33 Containment Spray 4.76 X 10'*
WC34 Containment Spray 3.19 X 10'*

'

WC35 Containment spray 2.92 X 10''
WC36 Centainment spray 2.92 X 10'*,

WC37 Containment Spray 4.93 X 10'*
WC38 Containment spray 5.29 X 10-*
WC39 Containment spray 1.09 X 10- 2

WC40 Containment spray 6. 42 X 10- 2

WC42 Containment Spray 3.55 X 10'*

i

I

_ - _ _ _ _ _ - _ _ _ _
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"7 s Table 3.3.5-1 continued.

t nNA
Function Unava11 abilities

Function' Function hinction ' ;

'

Equation Description Probability i
tWC43 containment spray 4.07. X 10-2 |

-WC44 Containment Spray 5.70.X 10- 2

.WC45 containment Spray 8.85 X 10-3 I,

WC46 Containment spray 2.30'X 10-*
WC47: Containment Spray 4. 50 X 10- 8

WC48' ' Containment Spray 4.58 X 10'*
WC49 Contairzent spray 3,07 X 10-*

-WCSD . Containment Spray 1.32 X 10''
WC51 Containment Spray 3.16 x 10-'
WCS2 contairment Spray 3.67'X 10''r%_

%f WC53 Containment Spray 2.92 X 10-2
!

-WS01 Suppression Pool Cocling 9,10 X 10~'
SB0 & MCC 11VAC not modeled

WS02 Suppression Pool cooling 2.50 X 10-* '

LOOP & MCC H% C not modeled

WS03- Suppression Pool Cooling' 2.53 X 10'#
WSO4 Suppression Pool Cooling 2.60 X 10~'

-WS05 Suppression. Pool Cooling 7.88 X 10''
:

WS06 Supptessfor ?ool Ccoling 8.31 X'10" -

WS07. Suppression Pool Cooling 7.88 X 10-',

WS18 -- Suppression Pool Cooling _ 7.88 X 10'';

'-

WS23 Suppression Pool' Cooling 2.32 X 10~';

WS29- Suppression Peel cooling 2. 44 x 10- *

L7 WS50 Suppression Pool Cooling 8.31 X 10-'
| :\.<

i.

. .- - ,
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Table 3.3.5-1 continued

Function Unm'ailebilities
Function Function FunctionEquation Descript_ ion Probability

X01 Emergency RPV 8.22 X 10-5Depressuriz.stica

f XO2 Emergency RFV 2. 39 X 10- 5
Depressurization

XO3 Emergency RPV 8.22 X 10''' -Depressuriz ation

X05 Emergency R?V 5. 03 X 10- 3Depressurizction - NAWS '

K06 Drergency RPV 7.01 x 10-'Depressurization - A7WS

XO7 Emergency RPV 1.40 x 10''
Depressurization - A7WS

XOB Emergency PF'l 7. 01 x 10- '
Depressuritation - A7WS

XO9 Emergency RPV 1.40 x 10-'Depressurization - A7WS

X10 Emergency RPV 2. 52 X 10- 5Depressurization - SBO [
X13 Emergency RPV 2.52 X 10'5

Depressurization - SB0

X14 Emergency RTV 5.01 X 10-'
Depressuriz'; tion - A7WS

X15 Emergency RIV 8.22 X 10''
Depressurization
Loss of Inst Air

X3 6 Emergency RPV 5.01 x 10''
Depressurization - ATWS

e Loss of Inst Air )
4

7.18 Emergency RFV 2.52 X 10-5
Depressurization

X19 Evergency RPV 2.52 X 10~5
Depressurization - SBo

,

_ . _ _ _ - -
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-( F Table 3.3.5-1-continued

V
runction Unavailabilities

runction' Function' runction-Equation . Description Probability
X20 Dnergency RPV 2.39 X 10~5

Depressurization - IDOP

-X21 Dnergency RPV 2.52 X 10-5Depressurization - 580

X22 Dnergency RW 1.00 X 10-'Depressurization - LOOP

X23 Dnergency RFV 2.52 X 10~"
Depressurization - 500

-

X24 Emergency RPV 1.00 X 10-'
Depressurization - SBO

X25 mmrgency R?V 2.37 X 10''
Depressurization - SBO

X26
h Emerg?ncy RW ~ 5.26 X 10~5
x)t .Depressurization - SBo

.X27 Dnergency RPV .
. 1.40 x 10~'

Depressurization ATWS

X29 Dnergency PPV 1'.03 X 10-'
Depressurization --SB0

.X30- - Dnergency RPV 2.52 X 10~5
, Depressurization - SBO-

X31 Emergency BPV 1.02 X 10-'
Depressurization - SBO

X32 Emergency RPV 1.00 X 10~'
Depressurization - SBo-

X33- Onergency _ Rov 1.00 X 10-1
Dapressurization - SB0

X34 Emergency RIV J.24 X 10-*
Depressurization - 5B0

- .XP01 ADS-inhibit - A WS 3.60 X 10-2

/~Y XP02 ADS inhibit - A WS 3.64 X 10-2b
XP03 ADS inhibit -- A WS 3.79 X 10-'

.

, _ _ _ - -- ~
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Table 3.3.5-1 continued ''

runction Unavailabili. ties
Funetion Function E.netionFg ation Descrintion Probability

XPO4 ADS inhibit - A1WS 3.64 X 10'#
XP05 ADS inhibit - ATWS 3.60
YO1 Long Term Containment 1.08 X 10" i

Heat Removal w/ Venting

YO3 Long Term Containment 1. 36 X 10"'
_

Heat Removal w/ Venting LOOP

YO4 Long Term Containraent 1. 36 X 10- '
Hest Removal WVenting LOCT

|,
~205 Long Term Containment 1.08 x 10"

Heat Removal w/ Venting

YO6 Long Term Containment 1,08 X 10"
Heat Removal w/Ventinr.

YO7 Long Term containment 1.08 X 10" sHeat Removal w/ Venting

YO3 Long Term Containment 1.82 X 10-#
Heat Removal w/ Venting ATWS

,

Y10 Long Term Containment 6.27 x 10" "g. Heat Removal w/ Venting AINS

Y11 Long Term Containment 6.27 y 10"
Heat Removal w/ Venting AIWS

,

. Y12 Long Term Lentainment 6.27 x 10"
. Heat Removal w/ Venting A7W3

Y13 'ong Term Containment 1.24 X 10-2
, -

neat Removal w/ Venting
Station 31ackout

Y14 Long Term Centainment 8.24 x 10'#
Heat Removal w/ Venting
Station Blackout

Y15 Long Term containment 1.96 x 10-#
Heat Remova'J w/ Venting,,

Station Blackout
,

- - -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 3.3.5-1 continued,m

A- ''
runction tbavailabilities

Function Functicn Function
<

Eguation DescripMon Probability

Y16 Long Term containment 1.23 X 10'#
Heat. Removal w/Vanting
Station Blackout

Y17 Long Term Containment 7.8) x 10'#
Heat Removal w/ Venting
Station Blackout

Y18 Long Term Containmer.'; 1.96 X 10'#
Heat fiemoval w/ Venting
Station Blackout

%9 Long Term Containmnt 7.70 x 10. s"

Heat Removal w/ Venting

Y20 Long Term Lentainment 1.97 x 10'#
Heat Removal w/Vcnting
Station Blackout

'] Y21 Long Term containment 1.74 X 10'*v Feat Removaj w/ venting
Station Bleckout

Y22 Long Term Containment 1.51 x 10" "

lleat Removal w/ Venting SBO

Y23 Long Term Containment 8.23 X 10'#
_

-

Ueat Removal w/ Venting SBO

Y24 Long Term Centairment 8.98 X 10-2
Heat Remova) w/ Venting SBO

Y25 Long Term containment 5.29 X 10" s

Heat Removal w/ Venting SBO
,

#- Long Term Containment 1. 4 0 X 10' *
Heat Remova'. w/ Venting SBO

Y27 Long Term Containment 5.29 X 10'',

Heat Removal w/Vcnting SBO

Y28 Long term Cantainment 4.19 X 10~*
Heat Reraval w A'enting SBO

,q Y'.9 Long Term Containment 6.96 X 10'*
n

( ) Heat Removal w/ Venting SBO

,

*. '
i. _ - _ _ _ _ _ . _ . _.
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Table 3.3.5-1 continued

Function Unnvailabilities

ranction function FunctionEquation Descritior) Probability
Y30 Long Term Containment 2.30 X 10''

Heat Pemoval w/ Venting SB7

Y31 Long term Centainment 4.50 x 10'l
Heat Removal w/ Venting SBO

Y32 Long Term Contairment 5.60 X 10''
.

Heat Memoval w/ Venting SBO
,

Y34 Long Term Centairunent 2.66 X 10'*
*

Heat Removal w/ Venting SBO

Y35 Long Term contairarent 2.66 x 10~2
Heat Remova} w/ Venting SB0

'

Y36 Long Term Containment 4.6/ 10~1
H3at Removal w/ Venting SBO

7

Y3' Long Term Containment 5.03 X 10-1,

Heat Removal w/ Venting GB0

Y3B Lcng Term Centainment 8.38 X 10~'
Heat Removal w/ Venting GBO

Y39 Long Term Containment 6.16 X 10-*
Heat Removal w/ Venting SBO

Y40 Long term contain:nent 1.20 X 10'*
Heat Removal w/ Venting SBO

k

Y41 Long term Containment' 3.29 X 10~1
Heat Removal w/ Venting

Y42 Long term Containment 3.81 X 10-2
Heat Removal w/ Venting

Y43 Long term Containment 5.44 X 10-2
Heat Removal w/ Venting

Y46 Long term Containment 6.23 X 10-2
Heat Removal w/ Venting

Y47 Long terht Containirnt 2.04 x 10~ 2
Heat Remove! w/ Venting

9Y48 Long term ;ontainment 5.02 X 10''
Heat Eemoval w/ Venting

1

|
*

-4
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h*|.jg Table 3.3.!L1- continued
-,)

hinction Un wallabilities
', hinction < l'unet ion ntnctionEquation - Description Probability

i- Y49- Long_ term Containment 5.97 x'10-*
Heat Removal _w/ Venting

YS1 Long term containment 1.10 x 10-' '

Heat Removai, w/ Venting

YS2 Long term containment 4.33 x 10-2
Heat Removal w/ Venting-

-Y53 Long term containment 4.32 x 10-*
Hcat Remova1 WVenting-

YS4 Long term containment - 5.85 x 10-3
Heat Removal w/ Venting

-YS6: Long term containment 2.66 x lo-*
Heat Removal w/ Venting

- i .

,.s

H
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lhhle 3.3.7-1 . '

, ,

PES 1TS OF INGENAL HIX0ING IEEL ffE j
AtELYSIS RR PERRY NI1 EAR POWER PLANT

'

;

.t

Asstned - Initiatirg Scrcmirg Orniitimal Oxe !

~

r!Flcad Flood Inne Accident Mitigatirg Initial Evm t Floodirg Oxe Damage Discussian/Conseits
7one' Description- Syst e s Disabled Plant Type' Frequmcy Denege Fruy e rf n

Respmse (1/yr) Prdubility (1/yr)

1 Turbine Buildirg, Feedvater runvery with Autmatic T2 - Inss of '6E-3 3.8FA3 2E-5 Result is greater _
,

Iknter Bay, n, tor feedvater ptsp, S OAM IG tim 3FA7/yr; exe
Ibrbine Ibwer un aseate transfer detailed evaluatim ,

Canplex systen required I j

1A Steam 1bnnel Feedster recovery with Autanatic T2 - Inss of &c4 5.6E-03 3EM Result is greater i

nutor feedvater pg, - SmAM IG than 3FA7/yr; rore
ICIC detailed eraluatim

.I
i
1

2 Aux. Bldg. lH G Manual 13A - IG 1.4E-3 9.7FA5 1E-7 Pesult is less.
'

EEG Rom SGM! Available than 3Fr07/yr; ro k- r
~

further eraluation
required'

i.
<

__

i
j- 3 Aux. Bldg. MR train B; train C Mantal 13A - IC 1.4%3 1.&c05 . 2F 8 Result is less ,

RIE B Roan supply for lw pressure REAM Available than 3E-07/yr; ro i

unkeup furtlwr evalmtion
!

- :
.

4 Aux. Bldg. PJE train C supply for : Autenatic i3A - IG 1.4E-3 1.6E-05 2E-8 Fesult is less
RER C Room 3w pressure nakap SGAM An11able then 3E-07/yr; ro I

further evaluatim
rayuired .;'

_L -__

O O O i..;
. . .

, . ~ . . . -, .._ _ ._-
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Table 3.3.7-1 (cmtirani)

FISllas OF INIIH4AL FlfXDIlE IDEL GE
RF,LiSIS RR FIHE PUCIFlR F0VER FI/Nr

Assumd Initiatirg Screating unlitioral Core

Flood Flood Zme Accidmt Mitigatirg Initial Evett Flooding Core Ibange Dismssion/Otzments

2me Descriptim Systars Disabled Plant Type Fraramcy numge Freg n e/

Fespmse (1/yr) Protnbility (1/yr)

5 Aux. Bldg. RCIC Hanual T3A - IG 1.4F 3 1.7FAS 2FA Fesult is less

PCIC Fan SGNi Available tfun 3FA7/yr; re
further evaltntim
ra pired

6 Aux. Bldg. RCIC, IlCI train A, Harmnl T3A - ICS 1.4E-3 1.7FM 6 2FA Fesult is less

FJR A Fan condmsate transfer SGAM Available tinn 3FA7/yr; no
further eraltatimtrain A, FlR train A ra pired

supply to suppremian
pool coolirg ani
cmtairment spray, aal
FJR train A supply for
lag term cmtairuxnt ;
heat renval

>

I

7 Aux. Bldg. IJ G ttural T3A - FG 1.4F 3 1.4%C5 2FA Fernit is less

11G Pan SG#f Available than 3FA7/yr; ro
furtter evaluatim

' requirsi

8 Aux. Eildg. FCIC, HIG, IICS, FlR A, Ptnni T3A - IG 1.1E-3 2.1FA3 2FA Fesult is greater

Corridors RIR B, MR C, suppre- Smni Ava-lable than 3FA 7/yr; more
detailai evaltntim

sien pol coolirg ard rupirai
cmtairnrt sgny

! - , ,
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Tehle 3.3.7-1 (cmthmi)

PESILTS OF ItEERML FIDEIIC LEVIL 03
#BLYSIS itR ITPRT IU1FM R7TR M.#E

Auxxxi Initiating Screming Cmditicm1 Core
Flood Flood Ia n Accidmt Mitigatirg Initial Ennt 90cxling Core Droge Discussian/Ctrxmts
"lae Descriptian Systems Dischled Plant Typ? Frtqumcv Dunge Freq m r/

Pesponse (1/yr) Protnbility (1dyr)

9 Intermilate tkre hnal T3A - PCS 1.1F,-3 1.0E-05 1E-8 Pesult is less
Building SGM Avnibhle than 3F,07/yr; no
Elevatim 574.8 - furtter evaluaticn

requiref

10 Intermndiate the Autantic T3A - IUi 7E-4 1.M-05 7E-9 Pesult is less
Buildirg SOM Available tinn 3F 07/yr; no
WD Planp Room furtier evaltntim
Elevation 574.8 required

11 Dry wll !be - - - - Design fmtures
preclude losses

12 Contahrmt tk m - - - - Design fm tures
preclizie lasses

13 Ototrol Ccsmlex IIPCS lost after 10 Autantic TIA-In 2.6E-3 3.G-01 8F 4 Pesult is grmter
Elevation 574.8 tars; 1(n pressure STM of Inst. Air tinn I,-07/yr; core

nukmp, PIR train A and detailed evaltation
D supply for lmg tenn requirn!
contairrmt heat removal

|

I

O O O
.J
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Table 3.3.7-1 (antinsmi)

RESULTS OF INENL HmmG IDH. OE
#RLYSIS HE IERY Mi2EM I41R IUNT

;

Asstral Initiatiry Screenirg Caniitional Core

Fhxx! Flood Zme Accident Mitigating Initial Esuit Flooiing Core Drenge Discussim/Cammts

2 sw Description Systens Disabled Plant Type Fmtmncy Dxrga Fmuncyr
'

Respmse (1/yr) Protabili"L (1/yr) |

13 Cmtrol Caplex Sre as for abe/e Autantic TIA - Ims 2.G-3 1.m+0r) 3E-3 Further evaltntim

Alter- Elemtim 574.8 except suppressim pool SrFM of Inst. Air is myimi to
dete:r. ire the like-

mte coolirg also inwailable lilood for failure
Rn of w im

pool coolirg due to
| Goods in zare 13
|

14 R*aste rise - - -
- Ib further crrcid-

erat 2m rapimi
Duildirg except that are 14

nr/ se.tve as a
propngatirn pathway
betvers flood zones

15 Intemaliate Train A of instrimmt Autantic T1A - Ims -' 5FA 6.74)5 SEJ1 Result is less
.

than 3FAI7/yr; rrs
Buildirg air supply for ADS SCPM of IG

further eval.ntim
Elevatim 599 (nwailable regtiral

-_
,
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'Ihble 3.3.7-1 (cmtiruxi)

RESULTS OF I!MRML FIlXIHfC IE5L GE
NRLYSIS Fm PEPRY fRIEM IUER F1/NT

I Asstmxi Initiatirg Scremirg Cmditiani Core

Flood Flood 7me Accidmt Mitigatirg Initial Evmt Floodirg Core Ihmge Discussim/Conrmts

7aie Descriptim Systens Disabled Plant Type Freg a icy thnge Frupxref
Reqxxre (1/yr) Protnbility (1/yr)

15 Intettnilate Train A of instnnr.t Autanatic T2 - inss of 7.5FA 6.5FA5 $E-B Result is less

to Buildirg air supply for AT) MP/N IG tion 3FA 7/yr; no

22 Elevation 599 unavailable; FNC vmt further evaltntion
ard 620.5 path for long term required

contairrmt Irnt
remval with vent

. _.

16 Aux. Bldg. RCIC, low pre:sure Autantic T2 - Ims of 7.5FA 6.4FAU SE-6 Pa; ult is grmter
Corridors nnkeup, PJE train A and RPM PCS thm 3F 07/yr; core

detailed etaltntimElevation 599 B supply for larg term
cmtairrmt Imt rexnal requind
and lag term cmtain-
nmt ist ramal with
vmt

17 Cmtrol Cmplex FPCC path for lcrg tem Autantic TIA - Inss 1.2E-3 1.8FX12 2E-5 Pasult is grmter

Elevatim 599 cmtainment ist zerwal SCPM of Imt. Air than 3FA7/yr; more !

| detailed evaltntim !
vith vmt, IHG last

after 10 hours required
|
.

O O O
- -

.
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Thble 3.3.7-1 (contirard)

FISULTS CF INURML HIIDI?C IREL QE
#iALYSIS RR FSEif MIIFAR IDER PLM.

Assumed Initiatirg Screeni:q Onlitimal Core

Flood Flood 2me Accident Mitigating Initial Emit Flooding Q>re Ihmge Discussim/Commnts

Zme Descriptim Systete Disabled Plant Type Frutuency Ibur4;e Fregirsr/
Pespmse (1/yr) Protnbility (1/yr)

t

Floodirg of the18, Diesel Generator Dnrgery diesel Omtrolled - - -

19. Nildings gu erators Sutdcun diesel generater

20 tuildirgs results
in ro otler dis-
ablirg of accident
mitigatim systcas;
loss of miy the
diesel gercrators
reralts in a con-
trolled shutdoun
ad is t!rrefore
not considered
further; the like '
111xul of a flood
occurrirg in tie
diesel generator
buildirgs- (and loss
of all wagecf
diesel p e l) with
a coincident loss
of offsite power
(ad therefore
statim blackout)
is it:Significant

i

k

u . .
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Thhla 3.3.7-1 (contimed)

RESILTS OF-INDRIAL HamilM; IIVEL GE

ANA125IS RR PU5E FJCIEW. IUER PLANT

A m med .Initiatirg Screenirg conditicnal. Core

Flood Flood Zme Accident Mitigatirg . hitial-- . Event Floodirg Core Desge Discussion /r e ts'

Zone Desuipticn Systens Disablai Plant- -Type Frequency Desege Fruperry

% ue- -(1/yr) Prahability -(1/yr)~

21 Control Co mlex Bnergmcy Svitdger Automatic T3A - R:S 1F 5/yr ~

'

SGAM Avnfinhie '(divisionsSwitchger: Fooms
Iand2);

Elevatim 620.5 : SF4 /yr
(divisims
1, 2 & 3)

22 Intermediate FFCC vmt path for lag- Autmatic T3A - ICS 6FA - - 1.T-05 6E-9 Pesult is less than
3E-07/yr; no further

l Buildirg term containment heat SGAN Available ..;

evaluatim raviraf
Vest Side tur:rval with vent -'

Elevatico 620.5
|- .

;|

I 23 Amc. Bldg. I!PCS Automatic T3A - PCS 3FA 1.0E-04 38-8 Result-is less tinn|

35-07/yr; no further
Corridors SQAM Available evaluation required
Vest Side
Elevation 620.5-

!

23 Aux. Bldg.- !!!Ci; FICC vet path Automatic. T3A - PCS 3FA 1.0E-04 3E4 Result is less then
3C-07/yr; to further

to Corridor Vest for Icag term contain--- ST/Ji Avnilable evaluation required
22 Side to ment heat removal with

Intermliate vent

Dulldiss Vest- I
Side .
Elevation 620.5

__

'.

-

.
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1hble 3.3.7-1 (<xntinni)

RESHJS & INIDNAL F1DIIIC IEF.L GE
r% LYSIS HR PEPKI 11XIEAR POWDi Pi#C

.

Assm n.' Initiatirg Suunirg (%niitional Core

Flood Flood ' lane Accid s t }titigating Initial EWnt Fhxxilig Core 11m. age Discussim/Cannts

7me Descriptim Systems Disablai Plant hie Fraperef %p F:rqumcy

Feaurm (1/yr) Prr4nhility (1/yr)

24 Awc. Bldg. B train of P57 lost Autcz:ntic T3A - PC U 1.TA5 3E-9 Fesult is less dun
3F,07/yrt m furtler

Corridors for energ5cf PPJ S[P M Available evaluaticn rupirsi
East Side depressurizatim
Elevatim 620.5

Panual T3A - FCS 3E 4 1.0E E 3E-9 Fesult is less tinn
3E-07/yr; ro furtler25 Intennilate fi m

RPM Ava11ableBuildirg evahntim required
East Side Ebel
Hanilirg Arm
Elevatim 620.5

26 Internaliate tkxe Mnnl 12 - Inss of 1.1E 4 6.(E45 7E-9 Pasult is less than
3F 07/yr; ro further

S0Wf FCSDuildirg evalmtim rapirui

|
Elevatim 654.5

Ibre detailed
27, Cmtrol Orplex de power supplief to 50Wf - -

-

evahntim rupiref
28, 01it 1, Div. 1/2 divisim 1 armi 2
29 Batterf switchgear ,

j |Parn/svitchgear
and cable
sptux!irg nun
Elevatim 638.5

|

i

il
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1hble 3.3.7-1 (catinued)
,

IssuLTS OF IN3ML FIMMf, ILVIL GE :
#MLYSIS RR PfMG NUEEAI? POWER PiltT;

Flood Flood 2me : Accident Mitigatirg InitialL .
Initiati g , Suerdrg Conlitiaal , Cote

Assumed

. E % it Floodity Core' Demege Dismssion/Su== ts. '

'

*

*are Dscriptim . ~Syste s Disabled- _ Plant'- Type Fmquency Damge Frequency
*

' Mnse -(1/yr) Probability (1/yr)

- - - tbre detailed
30, - . Centrol Oglex Ontrol rom and SPAM '

evalm tion required
30A, adt 'l Ocntrol potaitially entrol '
31, Pom, cmtrol .. caplex INAC

j

.
31A - caplex corridor,

thit 1 and -
udt 2 IN/C roms
Eleratitu 679.5
and 654.5

- ,

32 Interwxliate the - - -
-- !b further'

evalmtion rapired
Building

*

Elevation 682.5
i

33 E m gu q 5ervice Diergmcy Service Water Manual T3A - Ks - SF,-3 1.7E-05 9FA The radt is less | 1
'

Vater hrghause Systm : SGAM Available' (assued) than the 3FA7/yr;
scimii.T criterion
and therefore no_
furt%r evaluation *

,

Lk 1

11
|: !

.. ;'

-

!.

t
. 4

!

! !

i !
;

-

.

;
.
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.
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bble 3.3.7-1 (anthml)

FFIULTS OF INuMIAL FIDJ1HC IFfL QE
#MLYSIS PGt PGRY PU2F1R TUw'ER FLAhT

R:swnl Initiatirg Su us-drg Onliticral Core

Flood Flcod kne Accidst Mitiptirg Initial Ewnt Floolhg Core Ihtge Discussiavhuits |
'

kne Descripticn Systens Disablai Plant Type Frw/ Dnge Frapncy

Ferm: (1/yr) Probability (1/yr)
-

'

| 33 Dner2cncy Service Diergu cy Service Water 'wanl T3A - FCS %3 ?.5FM5 1E-7 %e result is less
than the 3FM)7/yr

Alter- Vater Pugiouse Systs and FJR trains bd#f Available (assextd) screenirg critericn'

A, B, and C and therefore tornte
furtter e.altnti<n ;

Pan '

is req 2 ira!

)
1

i 34 Service Vater Service vater systm Automatic ISI Loss of %3 6.0 FAT 3 %5 Pesult is greater
l

thm 3 FAT 7/yr; core
SCRM4 Service Water (assmed)

Ptrqirsce detailed evaltnticn'

repimi

35 Off-G' adldhg tbne - -
-

- |b further
consideraticn
requirsi except tint
une 35 nny serve
as a propagaticn

bgetiref etvern
flood zcnes

.. ._
-
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Table 3.3.7-2

Ferry Internal Flooding Analysis
Conditional Core Damage Probabilities

Flood Zones / Accident Equipment Conditional
State Ateas Sequence Disabled Core

Affected Assumed Damage
Frobability

13B Zone 13 or TIA Lov pressure make-up, Rl!R 1.5E-3
Zone 13 & 17 (modified long term entnmnt heat

for f1dng) rerrval, instrument air

16A Zone 16 T3A FCIC 2.6E-9

16B Zone 16 T2 RCIC 6.7E-7

160 Zones 16 & 8 T3A RCIC, Lov pressure make-up B.8E-6

16D Zones 16 & 8 T2 RCIC, ' + pressure make-up 3.7E-5

16E Zones 16, 8 & T3A RCIC, Lov pressure make-up, 2.1E-5
RHR pmp rm A & Cntnmnt Spray A

16F Zonas 16, 8 & T2 RCIC, Lov pn ssure make-up, 8.6E-5
RHR pmp rm A & Cntnant Spr6,y A

16G Zones 16, 8 T2 RCIC, Lov pressJre mak.e-up, 8.6E-5
13 & RHR pmp RHR long term entnmnt heat
rm A removal, instrument air, &

cntnmnt spray A

MH Zone 16 T2 RCIC, Lov pressure make-up 3.7E-5

161 Zone 16 T2 RCIC, Lov pressure make-up 8.8E-6

1AA Zone 1A T2 RCIC 6.7E-7

1AB Zone 1A T2 Feedvater recovery v/ motor 4.9E-;

feed pump

1AC Zone 1 T2 RCIC and Cndnst Transfer 3.4E-5

FIA Zone 1 T2 Cndnst Transfer, feedvater 5.7E-5
recovery v/ motor feed pmp

F1h Zone 1 T2 Feedvater recovery v/ motor 3.7E-2
feed pump. cndnst t r ans f er ,
RCIC, low pressure make-up,
& RHR long term entnmnt heat
removal

-_.
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|

Table 3..tJ'-2 (continued)

Perry IM ernal PlooJing Analysis
cond,itional Core Damage Probabilltiese

Flood Zones / Accident Equipment Conditional
State Areas Sequence Disabled Core

Affected Assumetl Damage

Probabilly

F1C Zor.e 1 72 Feedvater recover v/ motor 4.9E-6
feed pump

!

F1D Zone 1 T2 Feedvater recover v/ motor 4.3E-3 i

feed pump, RCIC, Lov |
pressure make-up, & R11R long i

term entnmnt heat removal |

F1E Zone 1 T2 Feedvater recover v/ motor 5.6E-6
feed pump b RCIC

FBA Zone 8 r3A RCIC, Lov pressure make-up 6.8E-5
alternate low pressure

,

make-up
,

FSB Zone 8 T1? .MCIC & Lov pressure make-up 9.2E-3

T2P T2 accident T2 Hone 1.0E-6
i

l- seg induced by
internal flood

T3A T3A only T3A Hone 1.0E-9
,

4

71AF -Loss of
..

T1A. None- 1.0F-5
inst air only

,

i

1

I

||
~

|

:o
|
.

i
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Tnble 3.3.7-3

Results of Detailed Flooding Analysis

Flood zone & Core Damage Zone
Flood magnitude Frequency Percent Sub-Total

13 mod 4.5E-7 29
.

13 small 2.7E-7 1B

13 severe 1.6E-7 10 57

17 mod 1.6E-7 10

17 small 1.0E- 7 6

17 severe 5.6E-8 4 20

TPC N71E 4.4E-8 3

TPC N71V 4.4E-8 3 6

#

1 mod 1.1E .8 1

1 severe 7.2E-9 <1 <1

1 small 8.0E-12 <1 <1

1 Exp Joint Sev Leak 9.9E-9 1 1

1 Exp Joint Sev:11 Leak 1.6E-7 10 10

1A 1.0E-9 10 10
-.

B 3.0E-B 2 2
.

16 1.2E-8 1 1

Total 1.5E-6

>

G

!
- -- _ - - - _ - - - -
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( ) Table 3.4.1-1
'

mj

Summary of Core Damage Frequency I_ Initiating Event i

kt.*,Dtygt Preq Percent of CUF$

Loss of Offelte li veco

T1 1.80 X 10~ 1.5 (Loss of Offsite Power)
R 7.19 X 10~7 6.2 (Loss of Offsite Power and no

Offsite Power Recovery at 3
hr)

U 4.14 X 10~7 3.6 (Loss of Offsite Power v/no
llPCS or RCIC)

't1P1 7.62 X 10~0 0.7 (Loss of Offsite Power and 1
SORV)

T1P1U 1.53 X 10-0 0.1 (Loss of Offsite Power e,nd 1
SORV v/no !!PCS or RCIC)

T1P2 3.89 X 10-8 0.3 (Loss of Offsite Power and 2
$0RVs)

Total 1.44 X 10-0 12.4

Station Blackout

B 2.11 X 10~0 18.1 (Station Blackout)
0

DP1 8.36 X 10~0 0.7 (Station Blackout and 1 SORV)'

BP2 5.91 X 10- 0.5 (Station Blackout and 2
SORVs)

Total 2.25 X 10-6 19,3

Transients

TSA < '10~0 0.0 (Transient v/ PCS)
T3AP1 < 10'O 0.0
T3AP2 < 10-0 0.1
T3B < 10~0 0.0 (Loss of feedvater)

1.38X10~f 1,2 (Inadvertent open SRV)T3C
T2 1,64 X 10~ 14.1 (Transient v/o PCS)

2.47g10~g 0.2T2P1
T2P2 < 10'' O.0

1.01g10-6 C.7 (Loss of instrument air)TIA
TIAP1 < 10~ 0.1
TIAP2 < 10-8 0.0

6.68g10-8 0.6 (Loss of service water)TSV
TSVP1 < 10~8

0.0
| TSVP2 < 10- 0.0

Total 2.90 X 10-6 25.0

v

m



Table 3.4.1-1 continued

Core Damage Freq Percent of CDP

LOCAs

A 2.11 X 10'g 1.8 (Large LOCA)
31 6.18 X 10'g 0.5 (Intermediate LOCA)
S:' 3.34 X 10~ 0.3 (Small LOCA)

Total 3.06 X 10-7 2.6

ATUS

3.61g10~0 0.3T1-C
T3A-C < 10' O.1
T3B-C 5.42 X 10~7 t. 6
T3C-C 9.38 X 10-8 0.8

6
T2-C 4.02 X 10 8 34.5
TIAC 4.33 X 10' 0.4

Total 4.74 X 10~0 40.7

Total Core Dunge Frequency (internal initiators) 1.17 X 10-

O

I
I

l

l-

I

O
,

I

' 1- .



.~. . - ,..~ .. - - . - - - - - - . - - - ~ . . . . . .._ - -- -.

() Table 3.4.1-2

Sequence Core Damage Frequencies Grouped by Initiator |

|
T2-C Sum - 4.02E-006 34.5% |

T2-CS30 2.27E-006 19.5% T2-C-U3-X' 1

T2-CS20 6.25E-007 5.4% T2-0-Lc-C1
T2-0528 3.12E-007 2.7% T2-C-U3-X
T2-CS11 2.90E-007 2.5% T2-C-C1 ,

!T2-CS12 2.37E-007 2.0% T2-C-X'
T2-CS06 1.58E-007 1.4% T2-C-V
T2-CS05 1.25E-007 1.1% T2-C-V'

B Sum - 2.11E-006 18.1%
BS24 7.71E-007 6.6% B-01-Va-R
B534 5.26E-007 4.5% B-U1-U2-R-Val
BS17 3.36E-007 2.9% B-01-R
BS07- 1.60E-007 1.4% B-h-Y-Cv
BS12 1.04E-007 0.9% B-HI-R
BS22 S.96E-008 0.5% B-U1-Va-V
BS35 5.15E-008 0.4% B-U1-U2-R-K
BS33 5.11E-008 0.4% B-U1-U2-R-Y-Cv
BS29 3.37E-008 0.3% B-U1-U2-Val
BS30 1.81E-008 0.2% B-U1-02-X

..

. ("') T2 Sum - 1.64E-000 14.1%
i s_ / T2SO4 1.62E-006 13.9% T2-V-Y-Cv
i T2509 1.90E-008 0.2% T2-U3-U2-V-Y-Cv

T2S18- 9.56E-009 0.1% T2-U3-U2-U1-V-Va

TIA- Sum = 1.01E-006 8.7%-
TIAS14 7.53E 007 6.5% TIA-U2-U1-V-Va
TIAS05 2.57E-007 2.2% TIA-U2-V-Y-Cv

R Sum - 7.19E-007 6.2%
RS20 6.04E-007 5.2% R-Vs-V-Va
RS19 8.73E-008 0.7% R-Vs-V-Cv
RS10 2.75E-008 0.2% R-Vs-V-Y-Cy

T3B-C Sum -. 5.42E-007 4.6%
.

,

T3B-CS29 2.76E-007 2.4% T3B-C-U3-X'
T3B-CS19 7.60E-008 0.7% T3B-C-0-Lc-C1
T3B-CS09 5.32E-008 0.5% T3B-C-0-X
T3B-CS27 3.80E-008 0.3% T3B-C-U3-X
T3B-CS10 3.452-008 0.3% T3B-C-0-C1

'T3B-CS11 2.88E-008 0.2%- T3B-C-0-X'
| T3B-CS08 1.78E-008 0.2% T3B-0-0-V
: LT3B-CS07'1.52E-008 0.1% T3B-C-0-V'

U Sum - 4.14E-007 3.6%
US29 3.34E-007 2.9% U-R1-V-Va

l - O- U512 5.99E-008 0.5% U-V-Va
US28 1.63E-008 0.1% U-R1-V-V-Y-Cv

.

v - e -- , e ,r *- , _ 3<.,,,- -w. - _ -y %- , - t- -w v- w
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||||Table 3.4.1-2 continued

A Sum = 2.11E-007 1.8%
ASO9 2.10E-007 1.87 A-U1-V

T1 Sum - 1.80G-007 1.5%
T1508 1.47E-007 1.3% T1-R2-V-Y-Cv
T1504 1.94E-008 0.2% T1-V-Y-Cv
T1535 1.33E-008 0.1% T1-01-Vs-V-Va

T3C Sum 1.38E-007 1.2% I

T3CSO4 1.38E-007 1.2% T3C-V-Y-Cv !

T3C-C Sum = 9.38E-000 0.8%
T3C-CS27 5.49E-008 0.5% T3C-C-U3-X'
T3C-CS17 1.40E-008- 0.1% T3C-C-Lc-C1

l T3C-CS07 9.81E-009 0.1% T3C-C-X

| BP1 Sum - 8.36E-008 0.7%
! BP1527 4.85E-008 '0.4% BP1-Oi-U2

BPIS17 1.69E-008 0.1% BP1-01-V l

BP1526 1.13E-000 0.1% BP1-U1-Va-R !

1

T1P1 Sum = 7.62E-008 0.7% i

T1P1S31 7.24E-008 0.6% T1P1-U1-Vs-V

TSV Sum = 6.68E-008 0.6%
TSVS10 5.49E-008 0.5% TSV-U2-01-V
TSVS14 1.002-008 0.1% TSV-C

S1 Sum - 6.18E-008 0.5% ,

51513 5.85E-008 0.5% S1-01-V-Va '

BP2 Sum 5.91E-008 0.5Y
BP2S13 5.91E-003 0.5% BP2-U1

TIAC Sum - 4.33E 008 0.4%
TIACSO9 3.31E-008 0.3% TIAC-X'

T1P2 Sum = 3.89E-008 0.3%
T1P2511 2.39E-008 0.2% T1P2-U1-V
T1P2504 1.49E-008 0.1% T1P2-V-Y-Cv

T1-C Sum = 3.61E-008 0.3%
T1'-C509 2.19E-008 0.2% T1-C-X'
T1-CS08 8.44E-009 0.1% T1-C-C1

S2 Sun - 3.24E-008 0.3%
S2520 3.00E-008 0.3% S2-0

T2P1 Sum 2.47E-008 0.2%

|hT2PISO4 2.46E-008 0.2% T2P1-V-Y-Cv

T1P1U Sum = 1.53E-008 0.1%
; T1P1US22 1 37E-008 0.1% T1P1U-R1-V

-
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() Table 3.4.1-3

Sequence within the Upper 95% of Total _ Core Damage

T2-CS30 2.27E-006 19.5% T2-C-U3-X'
T2804 1.62E-006 13.9% T2 V-Y-Cv
BS24 7.71E-007 6.6% D-U1-Va-R
TIAS14 7.53E-007. 6.5% TIA-U2-01-V-Va
72-CS20 6.25E-007 5.4% T2-C-Le-C1
RS20 6.04E-007 5.2% R-Vs-V-Va .

DS34 5.26E-007 4.5% B-U1-U2-R-Val 1

ES17 3.36E-007 2.9% B-U1-R i

US29 3.34E-007 2.9% U-R1-V-Va
T2-CS28 3.12E-007 -2.7% T2-C-U3-X
T2-CS11 2.90E-007 2.5% T2-C-C1
T3B-CS29 2.76E-007 2.4% T3B-C-U1-X'
TIAS05 2.57E-007 2.2% TIA-U2-V-Y-Cv
T2-CS12 2.37E-007 2.0% T2-C-X'
ASO9 2.10E-007- 1.8% A-l'l-V
BS07 1.60E-007 1.4% B-R-Y-Cv
T2-CS06 1.58E-007 1.4% T2-C-V
T1508 1.47E-007 1.3% T1-R2-V-Y-Cv
T3CSU4 1.38E-007 1.2% T30-V-Y-Cv
T2-C305 1.25E-007 1.1% T2-C-V'
BS17 1.04E-007 0.9% B-HI-R
RS19 8.73E-008 0.7% R-Vc-V-Cv r

\ T3B-CS19 7.60E-008 0.7% T3B-C-0-Lc-01
| T1P1S31 7.24E-008 0.6% T1P1-U1-Vs-V

US12 5.99E-008 0.5% U-V-Va i

BS22- 5.96E-008 0.5% B-U1-Va-V
l BP2S13 5.91E-008 0.5% BP2-U1

31S13 5.85E-008 0.5% SI-U1-V.Va
TSVS)0 '5.49E-008 0.5% TSV-U2-U1-V
T3C-CS27 5.49E-008 0.5% T3C-C-U3-X'
T3B-CSO9 5.32E-008 0.5% T3B-C-0-X
BS35 5.15E-008 0.4% B-U1-U2-R-X

i BS33 5.11E-008 0.4% B-U1-U2-R-Y-Cv
L BP1S27 4.85E-008 0.4% BP1-U1-U2
| -T3B-CS27 3.80E-008 0.3% T3B-C-U3-X
| T3B-CS10 3.45E-008 0.3% T3B-C-0-C1

BS29 3.37E-008 0.3% B-U1-U2-Val
| TIACSO9 3.31E-008 0.3% TIAC-X'
h S2S20 3.00E-008 0.3% S2-0,

| T3B-CS11 2.88E-008 'O.2% T3B-C-0-X'
RS10- 2.75E-008 0.2% R-Vs-V-Y-Cv ,

;

- . . . . . _ _ .
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Tabic 3.4.1-4 '

3equerces Leading __to Containment Failure Prior to Core Damage

T2504 1.62E-006 13.9% T2-V-Y-Cv
TIAS05 2.57E-007 2.2% TIA-U2-V-Y-Cv
B507 1.60E-007 1.4% B-R-Y-Cv
T1508 1.47E-007 1.3% T1-R2-V-Y-Cv
T3CSO4 1.30E-007 1.2% T3C-V-Y-Cv
RS19 8.73E-000 0.7% R-VF V-Cv
BS33 5.11E-000 0.4% B-U1-U2 R-Y-Cv
RS10 2.75E-008 0.2% R-Vs-V-Y-Cv
T2P1504 2.46E-000 0.2% T2P1-V-Y-Cv
TISv4 1.94E-000 0.2% T1-V-Y-Cv
T2509 1.90E-008 0.2% T2-03-02-V-Y-Cv

-

U528 1.63E-000 0.1% U-RI-V-V-Y-Cv
T1P2SO4 1.49E-008 0.1% TIP2-V-Y-Cv
Event V < 10E-008

Total 2.58E-006 22%

O

:
-

i

'
a

O

- -- - -
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n Table 3.4.1-5
-Q Sequences Below J0'' Because of Human Interaction Reliability

Base Case HI value rasled to 1.0

T3B-CS19 7.60E-8 7.60E-6
US12 6.00E-8 3.50E-7
BS22 6.00E-8 ?.20E-7
SIS 13 5.85E-8 8.15E-7
T X-CS27 5.49E-8 1.40E-6
T3B-CSO9 5.32E-8- 7.60E-6-
BS33 5.11E-8- 1.28E-6
BP1S27 -4.85E-8 5.09E-7
T3B-CS27 3.80E-8 7.60E-6
T38-CS10 3.45E-8 7.63E-6
BS29 3.37E-8 5.52E-6
TIACSO9 3.31E-8 9.20E-7
T3B-CS11 2.88E-8 7.60E-6
RS10 2.75E-8 3.72E-8
T2PISO4 2.46E-8 4.67E-3>

T1-CSO9 2.19E-8 6.09E-7
T3B-CS08 1.78E-8 7.61E-6
US2B- 1.63E-8 2.02E-8

-T3B-CS07 1.52E-8 7.60E-6

C- - -
T3P2SO4 1.49E-8 2.49E-8
T3C-CS17 1.40E-8 1.40E-6L

TIS 35 1.33E-8 5.67E-7
| BP1526- 1.13E-8 -6.11E-8
! T3C-CS07 9.81E-9 1.40E-6
! T2S18 - 9.56E-9 9.56E-8

T1-CS08~ 8.44E-9 6.17E-7
T3AP2SO4- 6.28E-9 1.30E-3
T3C-CSO9 5.31E-9 1.40E-6
T3C-CS08 4.69E-9 1~.40E-6

h TIACS07 4.60E-9 9.20E-7
L T3BS12 4.48E-9 4.48E-8
| TIAP1514 4.01E-9 3.35E-8
| US30- 3.37E-9 -2.09E-8

TI-CS07 3.05E-9 6.09E-7
T3C-CS05' 2.80E-9 1.40E-6
T2-CSO4 2.67E-9 2.67E-9

h TIACS08 2.56E-9 9.21E-7 *

j S2504 2.35E-9. 5.40E-4
!. .T2-CS21- 2.32E-9 C.13E-5

BP1S07 2.02E-9 s.03E-8
T2P2504- 1.94E-9- 4.67E-4'

T3C-CS06 1.89E-9 1.40E-6
TIACS05 1.84E-9 S.20E-7

L. _

T1P1U510 1.66E-9 7.74E-6

{

, _..--._ -. _ _ ~._ _ - - - _ . _ , . , _ . , _ _ , _ - , _ . - _ _ , _ , - ~ , . , _ . ., _.
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Table 3.4.1-5 continued O'

base Case HI valua rtisled to 1.0

TI-CS06 1.43E-9 6.10E-7
T1P1S52 2.31E-9 3.57E-9
T1-CS05 1.22E-9 6.09E-7
T1ACS06 1.18E-9 9.20E-7
T2-CS29 9.32E-10 6.17E-5
T2-CS26 8.78E-10 4.39E-7

.US13 8.46E-10 2.89E-9
BPIS24 8.44E-10 4.55E-9
BP1512 6.63E-10 6.64E-8

O

|

9

. -
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Table 3.4.1-6
*

Summary of Core Damage Frequency by Internal Events Initiator

J.iternal Events'

Initiator Frequency Percentage

ATVS 4.74E-' 40.7

Transients 2.90E"' 25.0

Station Blackout 2. 2 SE- ' 19.3
1'

Loss of Offsite Power 1.44E~' 12.4

IK.As 3.06E'' 2.6

:
I

t

. .

!
.

4

I

$

J

4 '

t .s
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r
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u
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||Table 3.4.1-7
| <
; Iml. tance Ranking of Components (Fussell-Vesely)
!
'

Rank Event Ncme Point Est F-V Imp Risk Ach Risk Red ''

1 CM 1.000E-005 4.110E-001 41100.41 1.698
2 T1 6.090E-002 3.202E-001 5.94 1.471
3 NSHICPEC5-2-LIT 3 1.000E+000 2.735E-001 1.00 1.377
4 T3A 4.510E+030 2.530E-001 0.80 1.339
5 FVHICPEL-2-FDV-V 5.003E-003 2.472E-001 50.17 1.328
6 T2 1.620E+000 2.314E-001 0.91 1.301
7 ADH.CPC5-1-ADS-0 7.200E+000 2.165E-001 0.81 1.276

i 8 CV05 1.400E-001 1.468E-001 1.90 1.172 "

9 R15 8.230E-002 1.279E-001 2.43 1.147
10 DGBALC1R22S0006 9.600E-005 1.171E-001 1220.42 1.133
11 DHDGFS1E2250001 3.000E-002 1.164E-001 4.76 1.132
12 U207B 8.752E-001 1.028E-001 1.01 1.115
13 FP0FFSITT. PUMPER 6.000E-001 1.003E-001 1.07 1.112
14 DGDGFS1R4350001B 3.000E-002 9.750E-002 4.15 1.108
15 TIA 9.200E-002 9.134E-002 1.90 1.101
16 DGDGPS1R4350001A 3.000E-002 8.504E-002 3.75 1.093
17 R36 5.290E-001 8.427E-002 1.08 1.092
18 FFDPFRO*54Cb001 1.745E-001 7.890E-002 1.37 1.086
19 LCLCUMA .930E-002 7.724E-002 4.92 1.084
20 U202B !.823E-001 6.915E-002 1.02 1.074 &,

21 LCLCUMRHRALPRC 9.220E-003 6.623E-002 8.12 1.071 W
22 FVHICPSN27-4:11A 1.196E-001 6.408E-002 1.47 1.068
23 SPHICPPS4:5SFCU 1.000E+000 6.344E-002 1 30 1.068
24 FVHICPEC5-3:2 1.000E-002 (,151E-002 1.09 1.066
25 SLHICPEG-6-SLCX 1.0002+000 6.128E-002 1.00 1.065
26 MESC133 7.760E-003 5.075E-002 7.49 1.053
27 T3B 7.600E-001 4.707E-002 1.01 1.049

-

28 MESA 133 7.760E-003 4.603E-002 6.89 1.048
29 MESB133 7.760E-003 4.386E-002 6.61 1.046
30-R39 1.230E-002 4.258E-002 4.42 1.044
31 CV01 4. 300E -001 4.132E-002 1.05 1.043
32 FPHICPPS4:2RCIC1 2.998E-001 3.813E-002 1.09 1.040
33 DGDGFR1R4350001B 7.864E-003 3.627E-002 5.58 1.038
34 ESM?CC 3.417E-004 3.505E-002 103.55 1.036
35 CVHICPEPC-FPCC 1.000E-001 3.482E-002 1.31 1.036
36 CVH1CPEPC-COM 1.001E-003 3.482E-002 35.76 1.036
37 FPHIC2/S4:2RCIC4 1.000E-001 3.424E-002 1.31 1.035
38 CV03 4.000E-002 3.337E-002 1.80 1.035
39 ECELUMA 1.980E-002 3.322E-002 2.64 1.034
40 LCLCUMLPCIBLPCIC 1.770E-002 3.109E-002 2.78 1.033
41 ESESUMA 1.890E-002 3.131E-002 2.63 1.032
42 VA04B 7.327E-001 3.056E-002 1.01 1.032
43 ECECUMB 1.980E-002 3.023E-002 2.50 1.031
44 ESESUMD 3.890E-002 2.929E-002 2.52 1.030
45 FPHICPPS4:2RCIC2 1.000E-001 2.927E-002 1.26 1.030
46 DGDGUM1R43F0001B 3.030E-002 2.900E-002 1.91 1.030
47 CVHICPEPC-RHR 1.000E-002 2.879E-002 3.85 1.030
48 RCHICPS51-LDTRIP 4.999E-002 2.859E-002 1.54 1.029

I

I
. _ _ - _ _ _ _ _ _ - _ - _ - _



. _ .-_ . .__. . _ . _ __ _ _ _ _ _ _ _ _. _ __ _ _ _ _ _-- -

() Table 3.4.1-7 continued

Rank Event Name Point Est F-V Imp Risk Ach Risk Red

49 DGDGUMIR4350001A 3.080E-002 2.745E-002 1.06 1 028
50 LCLCUMLPCIALPCS 5.290E-003 2.622E-002 5.93 1.027
51 DHDGTR1E2250001 7.864E-003 2.453E-002 4.10 1.025

'

52 ADHICPC5-1-ADS-A 3.793E-003 2.346E-002 7.16 1.024
53 DHDGUM1E2250001 2.430E-002 2.331E-002 1.94 1.024
54 0109B B.951E-001 2.290E-002 1.00 1.023 I

55 CVMVN01G41F0140 2.930E-003 2.212E-002 8.53 1.023
56 SCMVNCIE12F0048A 2.930E-003 2.210E-002 8.52 1.023
57 T30 1.400E-001 -2.062E-002 1.13 1.021
58 CVHICF.FS7:3G41-T 5.003B-002 2.037E-002 1.39 1.021
59 ESESUNC' 9.370E-003 1.876E-002 2.99 1.019 I

60 DGDGFR1R4350001A 7.664E-003 1.837E-002 3.32 1.019
61 A 1.000E-004 1.814E-002 182.34 1.018

| 62 P1 1.600E-002 1.772E-002 2.09 1.018
63 U111B 8.956E-001 1.574E-002 1.00 1.016
64 ECMPFS1P4200001A 2.930E-003 1.464E-002 5.98 1.015
65 HPMVN01E22F0015 2.930E-003 1.454E-002 5.95 1.015
66 HPHPFS1E2200001 2.9308-003 1.4538-002 5.95 1.015
67 HPNVN01E22F0012 2.930E-003 1.453E-002 5.95 1.015 l

68 HPMVN01E22F0004 2.930E-003 1.453E-002 J.95 1.015 i

69 ECMPPS1P4200001B 2.930E-003 1.338E-002 5.!5 1.014 !

70 ECMVNCOP42F0150B 2.930E-003 1.338E-002 5.55 1.014'

! 71 R3 1.510E-002 1.280E-002 1.93 1.013
72 HIBICPEC5-5-CRIT 2.001E-003 1.259E-002 7.28 1.013
73 R15B 9.180E-001 1.245E-002 1.00 1.013
74 RCTPFR1E51C0001 1.431E-001 1.192E-002 1.09 1.012
75 SCMVNCIE12F0048B 2.930E-003 1.147E-002 4.90 1.012
76 LCLCUMB 1.810E-002 1.098E-002 1.60 1.011

'

77 DCBTLCIR4250002 1.367E-003 ~1.071E-002 8.83 1.011
'78 CTHICFPS4:4-ALT 1.000E-001 9.886E-003 1.09 1.010 >

79 HIHICPOR10-4:3-B 1.000E-002 9.852F,-003 1.98 1.0?0
-80 R36B 4.710E-001 9.634E-003 1.01 1.010
81 ECHXPL1P42B0001A 2.049E-003 9.637E-003 5.69 1.010
82 R25 1.960E-002 9.413E-003 1.47 1.010
83 ECMVNCOP42F01a /. 2.930E-003 9.137E-003 4.12 1.009
84 P2 1.600E-013 9.113E-003 6.69 1.009
85 ECHXPL1P42B0001B 2.049E-003 8.828E-003 5.30 1.009
86 DGDGCC 3.675E-004 8.743E-003 24.78 1.009
87 RCTPFRIE51C001 1.980E-002 8.740E-003 1.43 1.009
88 FPHICPPS4:2-DD-0 3.000E-002 8.276E-003 1.27 1.008
89 FPDPFSOP54C0001 3.000E-002 8.276E-003 1.27 1.008

| 90 DBMFCC- 2.930E-005 8.087E-003 777.00 1.008
L 91 DBLVCC 2.930E-005 8.087E-003 277.00 1.003

L 92 DBMDCC 2.930E-005 8.087E-003 277.00 1.008

| 93 SLHICPEG-6-SLC1 1.251E-003 7.903E-003 7.31 1.000
94 VA09B 5.327E-001 7.489E-003 1.01 1.008
95 ESMVCC 9.250E-005 7.284E-003 79.73 1.007

:

~

96 RCRCUM 1.810E-002 7.179E-003 1.39 1.007
97 HPCLDEL2 1.598E-003 6.987E-003 S.37 1.007
98 ADHICPCS-1-ADS-L 3.600E-002 -3.726E-003 1.18 1.007

L

. - - . . . . .- _ .. .. - - - . _- . . . - -_ ,
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Table 3.4.1-8

Importance Ranking of Components (Risk Achievement Vorthl

Rank Event Name Point Est T-V Imp Risk Ach Risk Red <

1 CH 1.000E-005 4.110E-001 41100.41 1.698
2 EFFACCEPRCS 3.750E-006 6.664E-003 1778.20 1.007
3 DGBA' CIR2250006 9.600E-005 1.171E-001 1220.42 1.133
4 DCB. ,C 1.370E-005 f.433E-003 397.55 1.005
5 DBHFCC 2.930F,-005 8.087E-003 277.00 1.008
6 DBHDCC 2.930E C05 8.087E-003 277.00 1,008

7 DBLVCC 2.930E-005 8.087E-003 277.00 1.008
8A 1.000E-004 1.814E-002 182.34 1.016
9 ESMPCC 3.417E-004 2.505E-000 103.55 1.036

10 ESHVCC 9.250E-005 1.284E-003 79.73 1.007
11 ADSRCCADS 8.000E-006 5.934E-004 75.18 1.0L1
12 ECHPCC 1.190E-005 7.606E-004 64.92 1.001
13 DGBALC1R22S0007 9.600E-00S 5.953E-003 63.01 1.006
14 FURICPEL-2-FDV V 5.000E-003 2.472E-001 50.17 1.328
15 ECMVCC 9.250E-005 4.238E-003 46.81 1.004
16 CVHICPEPC-COM 1.001E-003 3.482E-002 35.76 1.036
17 DGDCCC 3.675E-004 8.743E-003 24.78 1.009
18 S1 3.000E-004 5.280E-003 18.60 1.005
19 DCBTLC1R4250002 1.367E-003 1.071E-002 8.83 1.011
20 7VHVN01G41F0140 2.930E-003 2.210E-002 8.53 1.023
21 SCMVNCIE12F004BA 2.930E-003 2.210E-002 8.52 1.023
22 LCLCUHRHRALPRC 9.220E-003 6.623E-002 8.12 1.071
23 HESC133 7.760F-003 5.075E-002 7.49 1.053
24 SLHICPEG-6-SLC1 1.251E-003 7.903E-003 7.31 1.008
25 HIHICPEC5-5-CRIT 2.001E-003 1.259E-002 7,28 1.013
26 SLEVCC 2.930E-004 1.826E-003 7.23 1.002
27 SLMPCC 2.930E-004 1.826E-003 7.23 1.000
28 ADHICPC5-1-ADS-A 3.793E-003 2.346E-002 7.16 1.024
29 HIBICPEC5-3:2-F 1.001E-003 6.127E-003 7.12 1.006
30 FVHICPEC5-3:2 1.000E-002 6.151E-002 7.09 1.066
31 SLHVCC1G33 9.250E-005 5.577E-004 7.03 1.001
32 SLHVCC 9.250E-005 5.577E-004 7.03 1.001
33 SLCVN01C41F0007 1.000E-004 6.028E-004 7.03 1 001
34 SLCVN01C41F0006 1.000E-004 6.028E-004 7.03 1.001
35 SLXVPLIC41F0036 4.499E-005 2.659E-004 6.91 1.000
36 HESA133 7.760E-003 4.6038-002 6.89 1.048
37 TSV 1.000E-003 5.731E-003 6.73 1.006
38 LCMPCC 2.930E-004 1.677E-003 6.72 1.002
39 P2 1.600E-003 9.113E-003 6.69 1.009
40 MESB133 7.760E-003 4.386E-002 6.61 1.046
41 ECHPFS1P41C0001A 2.930E-003 1.4643-002 5.98 1.015
42 HPHVN01E22F0015 2.930E-v03 1.4;iE-002 5.95 1.015
43 HPHVN01E22F0004 2.930E-003 1.453E-002 5.95 1.015
44 HPHPFS1E12C0001 2.930E-003 1.453E-002 5.95 1.015

| 45 HPHVN01E22F0012 2.930E-003 1.453E-002 5.95 1.015
46 T1 6.090E-002 3.202E-001 5.94 1.471

| 47 LCLCUMLPCIALPCS 5.290E-003 2.622E-002 5.93 1.027:

48 ECHXPLIP42B0001A 2.049E-003 9.627E-003 5.69 1.010

:

i
__
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() Table 5.4.1-8 continued

Rank Event Name Poi,nt Est F-V Imp Risk Ach Risk Red

49 M 1.000E-004 4.640E-004 5.64 1.000
50 RPT 1.000E-004 4.640E-004 5.64 1.000
53 DGDGFR1R4350001B 7.864E-003 3.627E-002 5.58 1.038
52 ECMPFS1P4200001B 2.930E-003 1.338E-002 5.55 1.014
53 ECMVNC0P42F0150B 2.930E-003 1. 338E-002 5.55 1,014
54 HPCLDEL2 1.598E-003 6.987E-003 5.37 1.007
55 ECHXPL1P4230001B 2.049E-003 8.820E-003 5.30 1.009
56 LCLCUMA 1.930E-002 7.724E-002 4.92 1.084
57 SCMVNC1E12F0040B 2.930E-003 1.147E-002 4.90 1.012
58 DHD3FS1E2250001 3.000E-002 1.164E-001 4.76 1.132
59 ECMPFR1P42C0001A 7.195E-004 2.626E-003 4.65 1.003
60 R39 1.230E-002 4.256E-002 4.42 1.044
61 ECMPFR1P4200001B 7.195E-004 2.362E-003 4.28 1.002
62 HPHPFRIE22C0001 7.195E-004 2.347E-003 4.26 1.002
63 DGDGFSIR4350001B 3.000E-002 9.750E-002 4.15 1.108
64 2CMVNC0P42F0150A 2.930E-003 9.157B-003 4.12 1.009
65 DHDGFRIE22S0001 7.864E-003 2.4532-002 4.10 1.025
66 CVHICPEPC-RHR 1.000E-002 2.879E-002 3.85 1.030
67 DGDGPS1R4350001A 3.000E-002 8.504E-00'. 3.75 1.093
68 EPFAFSIM3980003 3.750E-004 9.446E-004 3.52 1.001
69 EPFAFR1M39B0003 2.999E-004 7.2636-004 3.42 1.001

O-
70 DGDGFR1R4350001A 7.654E-003 1.837E-002 3.32 1.019
71 SMHVCC 9.250E-005 2.102E-004 3.27 1.000i

72 DHHXPL1E22S0001 2.049E-003 4.633E-003 3.26 1.005
73 ESESUMC 9.370E-003 1.876E-002 2.'98 1.019
74 DCBTLC1E2250005 1.367E-003 2.607E-003 2.91 1.003
75 DCBTLC1R4250003 1.367E-003 2.505E-003 2.83 1.003
76 LCLCUMLPCIBLPCIC 1.770E-002 3.199E-002 2.78 1.033
77 ECECUHA 1.980E-002 3.322E-002 2.64 1.034
78 ESESUMA 1.890E-002 3.131E-002 2.63 1.032
79 DGHXPL1R46B0002B 2.049E-003 3.131E-003 2.53 1.003'

80 ESESUMB 1.8900-002 2.929E-002 2.52 1.030
81 ECECUM8 1.980E-002 3.023E-002 2.50 1.031
82 DGHXPL1R46B0002A 2.049E-003 2.976E-003 2.45 1.003'

83 R15 8.230E-002 1.279E-001 2.43 1.147
84 HPHPUM 2.680E-003 3.611E-003 2.34 1.004
85 ECCLLF1P4200001A 1.250E-004 1.527E-004 2.22 1,n00

86 ESSCPLIP49D0001B 9.595E-004 1.167E-003 2.24 1.001
87 ESSCPL1P49D0001A 9.595E-004 1.167E-003 2.22 1.001
88 EPEPUMHPCS 1.630E-003 1.953E-003 2.20 1.002
89 HPCLLF1E2200001 1.250E-004 1.382E-004 2.11 1.000
90 EPCLLF1M39B0003 1.250E-004 1.382E-004 2.11 1.000,

L 91 P1 1.600E-002 1.772E-002 2.09 1.018

| 92 ECCLLF1P42C0001B 1.250E-004- 1.278E-004 2.02 1.000
9? DHBALC1R2250009 9.600E-005 9.778E-005 2.02 1.000
94 K0CVN01E22F0002 1.000E-004 1.018E-004 2.02 1.000'

1 95 EPCVN01E22F0016 1.000E-004 1.018E-004 2.02 1.000
96 HPCVN01E22F0024 1.000E-004 1.018E-004 2.02 1.000

_

97 HPCVN01E22F0005 2.000E-004 1.018E-004 2.02 1.000

| 98 HIH1CPOR10-4: 3-B 1.000E-002 9.852E-003 1.98 1.310
i
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Table 3.4.1-9

Contribution of Functional Failures to Core Damage

Functional Failure Contribution to CDF (%)

Loss of Injection (U1, U2, U3, V, VA) 68

Failure of Decay Heat Removal (0, H) 2

Failure of Containment Heat Removal (V, Vs, Y) 28

Failure to Recover Offsite Power (R, R1, R2) 22

Failure to Depressurize (X, X2) 4

Containment Failure (Cv) 22

Failure to inhibit ADS tollowing ATVS (X') 25

9

O

l
. _ . ._
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TABLE 3.4.1-10 APET CONTAINHENT PERFORMANCE BASE CASE PESULTS

+ FRACTION
FREQUENCY OF CDP

!

I

No RPV Pails No Containment Failure 3.39E-6 32.6%
|

Vent 2.45E-6 19.3% i

Containment Fallure 6.18E-7 4.9%

Subtotal No RPV Failure-Core Damage Frequency: 6.46E-6 50.8%

|
RPV FaM: No Containment Failure 1.58E-6 12.4%

Vent 1.27E-6 10.0%

- Late Containment Failure 9.38E-7 7.4%

d Early CFs No Pool Bypass 4.30E-7 3.4%'
,

Late P1 Bypass' 1.54E-6 12.1%

L

|.
Early PB, Spray -6.12E-8 0.5%

,i

Early "B, No Spray 4.45E-7 3.5%j

Subtotal RPV Failure Core Damage Frequency: 6.27E-6 49.2%

l -TOTAL CORE DAMAGE FREQUENCY: 1.27E-5 100.0%

Subtotal Containment Venting Frequency: 3.72E-6 29.2%

Subtotal Cntmt Structural Failure Frequency: 4.03E-6 31.7%

TOTAL CONTAINMENT FAILURE & VENTING FREQUENCY: 7.76E-6 60.9%

1

RPV FAILURE'AND EARLY CONTAINMENT FAILURE
- VITH POOL BYPASS FREQUENCY: 2.04E-6 16.1%

_

\ _-

|-

-
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TABLE 3.4.1-11 DOMINANT CONTAINHENT FAILURE PLANT DAMAGE STATES

CIEMT
FAILURE CDF

Rank PDS CLASS FREQUENCY PERCENT PERCENT DOMINANT SEQUENCES CDF%

1 56 3.40E-6 43.9% 34.0% 13B-U1-U2-Val 8.9%
TIA-U2-U1-V-Va-Vr-Vs 5.9%
B6-V-Vc 3.0%
F1D-U3-U2 U1-V-Va 1.8%
A-U1-V-Vc-Vs 1.6% ,

T15-Va 1.6%

2 73 1.22E-6 15.8% 9.6% T2-Vc-Vs-Y-Cv-Li 8.2%

3 61 6.23E-7 8.0% 4.9% T15-Va-R3 2.6%

| UR-V-Va-R3 1.9%
l

4 71 5.59E-7 7.2% 4.4% T2-Ve-Vs-Y-Cv 2.2%
TIA-U2-Vc-Vs-Y-Cv 1.5%

5 65 2.93E-7 3.8% 2.3% T2-CA-CI-Vc 1.1%

6 67 2.65E-7 3.4% 2.1%

7 69 2.56E-7 3.3% 2.0%

8 63 1.69E-7 2.1% 1.3% T2-CA 1.2%

9 25 2.09E-7 1.8% 1.6%

10 36 1.02E-7 1.3% 0.8%

11 66 1.00E-7 1.3% 0.8%

12 9 9.73E-8 0.8% 0.8%

13 58 6.15E-8 0.8% 0.5%

14 62 5.02E 8 0.7% 0.4%

15 53 4.44E-( 0.6% 34.9%

16 70 3.23E-8 0.4% 0. '3 %

O
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-Table 3.4.1-12

- 0'
Recovery Actions In, eluded in the Model 1

!

Identification- Function
Descri lion / System

,

f
;

HIllRCPORID-4:3-B Operator fails to X-tie Unit 1 and ill ;Unit 2 batteries
:- CTillCPPS4:4-ALT Operator fails to align condensate Va itransfer alternate injection
,

LFPHICPPS4:2RCICI Operator fails to align fire-protection Va
after RCIC fails due to suppression
pool temperature

I

FPilICPPS4:2RCIC2- Operator fails to align fire protection Va
after Ri!R falls due to HCC HVAC failure

FPHICPPS4:2RCIC3 Operator fails to align fire protection Va
After HPCS fails

FPilICPPS4:2RCIC4 -Operator falls to align fast fire Va
protection alternate injection

O. 'FVilICPSN27-4tLIA Operator fails to control reactor feed Va
booster pump during a loss of instrument .

,

, air transient
l

*

.-

L .FVHICPSN27-4 11A. Operator fails to control the reactor Va
feed booster pump following loss of

. Instrument Air in a time frame greater
than 2 hrs.

ist SPilICPPS4tSSPCU(L)- Operator falls tw align suppression- Van. pool clean up alternateinjection (Va,Li)
(late injectinn)

'. 'CVilICRPS7:3G41T Operator fails.to locally open- Y
1G41-F0145-

.ADilICREC2-ADS-R - Operator fails to depressurize after- X3
ccre damage having-failed to depressurize
early- ,

-

x
.SLHICREO-6-SLCR- Operator fails to initle.'s SLC given C1'

early failure to initiate
1

L

()
,

-

( ,-; _

6

- . . - . . - . ~ _ . _ . - . - . . . _ . . , . . _ . . . _ , . _ _ . . . . _ . _ - . , . - . . . . - - . , , , , . . . - . , . , , _ , _ . _ ,- -
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Tabic 3.4.1-13

Inmpact of Recovery Actions on Core Damage Frequency

Recovery Action Core Damage Frequencies
Vith Recovery Vithout Recovery

1. Use of Alternate Lov Press 1,2E-5 2.6E-5Injection

2. Cross connect DC supplies from 1.2E-5 2.3E-5Unit 2 to Unit 1

3. Operator fails to open 1G41-r0145 1.2E-5 1.6E-5

4. All the above actions 1.2E-3 4.2E-5

O
s
li

t

1

j

1 s

..

O

. . .. .
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Table 3.4.1-14
-

Sensitivity Analysis Results
,

Base Case CDF 1.2E-5'

_Ancumption CDP % Change

1. Initiating event frequencies 7.0E-6 -40%based on Perry experience
(with lower limit of 0.5)

2. Automatic ADS Inhibit following 8.8E-6 -23%KIWS

3. Operator does not override RCIC 1.8E-5 +54%leak detection temp trip

4. Switchgear room cooling is 1.5E-5 +25%requited
,

C. Containment failure does not 9.0E-6 +22%lead to 1 css of injection or
passive vent to prevent
containment failure

6. Contribution of maintenance 6.0E-6 -45%to cure damage reduced
to zero

7. Human reliability data 4.3E-4 +3,504% -increased by a factor of 10 or
to a raaximum of 3.0

8. Perfect operator perfornance 3.9E-6 -66%

9. tenual initiation of ADS 1.3E-5 +13%following loss of all high
pressure injection

10. Increase common cause by a 2.2E-5 +91%factor of 10

11. Passive vent 9.1E-6 -22%

* Excludes flooding

O

_,_________,_-_#---------~'~' ' ' - - - ' ' ' ~ - ' - - - - ' - -_
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Table 3.4.1-15 g
Core Damage Frequency Based '

on Revised Initiating Event Frequencies
a

.

Station Blackout ,

B 2.11E-6 30.2%
BP1 8.36E-8 1.2
BP2 5.91E-8 0.8

Loss of offsite Power

R 7.19E-7 10.30 4.19E-7 5.9
T1 1.80E-7 2.6
T1P1/P2 1.15E-7 1.7

ATWS

T2-C 7.07E-7 10.1
T3D-C 3.56E-7 5.1
T3C-C 9.38E-8 1.3 '
T1-C 3.61E-8 0.6

Transients

T1A 1.01E-6 14.5
,

| T2 5.05E-7 7.2
.

L T3C 1.38E-7 2.0
TSW 6.68E-8 1.0

m m ,5

A 2.11E-7 3.0
S1 6.18E-8 0.9
S2 3. 24 E- 8 0.5

2btal' 6.99E-6
..

9

- .. . . - . . . .-
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Accident Sequence Grouping Criteria
,

Accident ;

Sequence Definition I
CDF Percent CDP

IA ' Accident Sequences Involving Loss of Coolant' Inventory 7.0E-8 <1 !Makeup in Which Reactor Pressure Remains High.
- .i

la Accident Sequence Involving a Loss of AC Powr and 1.5E-6 13Loss of Coolant Inventory Kikeep. '
,

IIC Accident Sequence Involving a Loss of All AC Power and 1.2E-6 10No Recovery.of AC Power.
,

1D Acciden+; Mquences Involving a Loss of Coolant Inventory 4.4E-7 4Makeup ard A"iWS.
,

!lE Accident Sequence Involving a Loss of Coolant Inventory 9.7E-7 8 [
I

Makeup in which Reactor Pressure has been successfully
reduced. >

,

i
22 Accident Sequences Involving Loss of Containment 1 Mat' i

2.5E-6 22 fRemoval-Leading to Containment Failures and Subsequent
Loss of Coolant Inventory Makeup. !

''

;3A Vessel Rupture Leading beyond makeup capability. <1.0E-7 <1 !
\3B Accident Sequence Initiatied or. resulting in a small or ,<l.0E-7 <1
~

medium LOCA for which reactor cannot be depressurized and
inventory makeup is inadequate. i

,

t
.

3C Accident sequences initiatied or resulting in medium or large 3.9E-7 3
i

!

LOCA for which the reactor is at low pressure and inadegaate
coolant inventory makeup is available. j

t
'

Accident sequences which are initiated by a LOCA or failure )3D
<1.E-7 <1for which vapour suppressien is inadequate.

{4 Accident sequences involving an ATWS leading to containment 4.0E-6 34 '

i

failure due- to high pressure and subsequent loss of inventory.
t

i5 Unisolated IDCA outside containment leading to loss of '
!<1E-7 <1effective coolant inventory makeup.
'

1

?

= _ ._ _ _ _ _ _ _ - . -- . -- - - . . . . - - - . - - __ - _ _ _ _ _ - . . -
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Table 3.4.2-2

In'.vidtal Core _ Damage Sequences Grouped by Accident Cless

Group gqJences frequency Percent CDF
1A BS35 5.lbE-8

BS30 1.81E-8
F.96E-5~ <1

la BS34 5.26E-7
US29 3.34E-7
US12 5.99E-8
T1335 1.33E-8
RS20 6.04E-7

T.54E-6 13

1C BS24 7.71E-7
BS17 3.36E-7
BS12 1.04E-7
BP1526 1.13E-8

T.22E-6 10

10 *2-CS28 3.12E-7
T3B-CS09 5.32E-8
T3D-CS27 3.80E-8 gT3E-CS08 1.78E-8 WBS30 1.81E-8 ~~

PT.'i9E-7 4

1E TIAS14 7.53E-7
US12 5.99E-8
BS22 5.96E-8
TSWS10 5.49E-8
TIS 35 1.33E-8

G E-7 8
s

|
2 T2SO4 1.62E-6 )8507 1.60E-7

TLN505 2.57E-7
T1508 1.47E-7
T3CSO4 1.38E-7
U19 8. '.1r .8
BS33 G ; . i t-
RS10 2. 7h
TISO4 1.94E-8
T?SO9 1.90E-3
US28 1.63E-8

2.54E-6 22

0
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g. Table 3.4.2-2 continued I
;

'3C ASO9 2.10E-7
S1S13 5.85E-8'

TlP1S31 7.24E-8 i
;'

T1P2S11 2,39E-8
BPIS17 1.69E-8
T1P1US22 1.37E-8

3.95E-7 ' 3
.

4 T2-CS30 2.27E-6
|T2-CS20 6.25r-7 '

T38-CS29 2.76E-7-
T2-CS11 2.90E-7
T2-CS12

'

T3C-CS27 ~
2.37E-7 ;
5.49E-8 '

.T3B-CS19 7.60E-8
T3D-CS10 3.45E-8
TIACSO9 3.31E-8 --

'

T3B-CS11- 2.88E-8
,

;
T1-CSO9 2.19E-8 ' t
T36-CS17 3.40E-8 -

3 3 E-T"" -34

|-
|

t|

i

f

|-

.. g

r

'$

,

b

LO '

.

r
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'
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4.0 BACK-END ANALYSIS

4.1 PLANT DATA

4.1.1 Mark III Plant Features .

The Ferry Nuclear Power Plant (PHPP) Unit I has a General Electric BVR/6 reactos
rated at 3579 HVt and a Mark III free standing steel containment. The Mark III

system is designed to minimize the release of fission products to ,

!containment
the environment by containing and suppressing a radioactive steam release caused
by an accident.

The PNPP Mark III containment shown in Figure 4.1.1-1 consists 01 a concrete
i

dr ' ell structure that contains the reactor vessel and the connected piping
systems. The dryvell is enclosed within a steel contninment vessel. A

pool is at the bottom of the evntainment. The suppression pool issuppression
made common to both the containment and the dryvell air volumes by three rova of
horizontal vents which are installed in the dryvell vall below the normal level
of the suppression pool. The suppression pool vater volume serves to dissipate
the energy released frou opened reactor safety relief valves or from a line

in the dryvell. A concrete shield but1 ding surrot nds the containmentbreak
vessel and forms an annulus which is maintained at a slight negative pressure.

The design pressure of the Petty Nuc1 car Pover I' ant containment is 15 psig, and
the total containment volume is comparable vith a large PVR contalmnent (1.44
million cubic feet).'

Containment heat is removed with the tvo trains of the Residual lleat Removal
(R!lR) system in either the suppression pool cooling mode or containment spray
mode. In the event that the RHR system fails to suppress the pressure in the
containment, the containment can be vented.

To reduce the potential of a severe hydrogen combustion evant during an
accident, the containment has a Hydrogen Ignition System (filS). TY s system is
designed to prevent the bs:1d-up of large quantities of hydrogen inside the
containment. Igniters are located throughout the containment and dryvell

volumes.

A general compcrison of donign information for the Mark III containments at
Perry and Grand Gulf (the NUREG-1150 plant) is presented in Table 4.1.1-1. ,

A detailed description of the Perry containment is provided in section 2.0 of
Appendix H.1, PNPP IPE Containment Analysis. 1

4.1.2 Sources for Data
containment specifications pertinent to the IPE Back-EndPerry plant andThe are included in the Modular Accident Analysis Program (NAAP) Parameter

| analysis
l File.

The entire PNPP IPE HAAP Parameter File is contained in Appendix 11.5.
The HAAP Parameter file includec plant and containment modeling information
sections which are described in the HAAP Usets Guide (EPRI 1991).

C
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4.2 PLAfiT H0DELS Af1D HETHODS FOR PHYSICAL PROCESSES

The Electric Power Research Institute (EPRI) maintains a deterministic

containment evaluation scftvare code called the Modular Accident Analysis

Plogram (MAAP). MAAP is used for the Perry fluclear Pover Plant IPE containment
evaluation for the accident progression analysis, to assist in geantifying the
Accident Progression Event Tree (APET), and for estimating source terms.

MAAP 3.0B BVR Version 7.02 is the basis for the Perry analysis. Tvo minor
modifications vere added to the code with the direction of Fauske and Associate,
Inc. (FAI), the HAAP Maintenance Contractor to correct identified coding

problems. The Perry MAAP code vas validated to the FAI test cases.

4.2.1 MAAP Analysis Assumptions (Model Parameters)

The MAAP model parameters generally represent inputs to phenomenological models
in which significant uncertainties exist. Variations in the values of these
parameters can be made to assess the impact of uncertainties in important
physical models. The best estimate values used in the Perry IPE are provided in
the Model Parameters section of the P!1PP IPE MAAP Parameter File, provided as
Appendix H.5. These best estimate values were taken directly from the
" Recommended Sensitivity Analyses For An Individual Plant Examination Using MAAP
3.0B" (EPRI 1990),

4.3 B1f4S A!ID PLANT DAMAGE STATES

4.3.1 Plant Damage State Grouping Parameters

The interface between the Front-End Analysis and the Back-End Analysis consists
of a set of plant damage states (PDS). The plant damage states define a set of
functional characteristics for system operation which are important to accident
progressiun, containment failure and source term definition. Each Plant Damage

State contains Front-End stquences with sufficient similarity of system

functional characteristics that the containment accident progression for all,

sequences in the group can be considered to behave similarly in the period after
core damage has begun. Each Plant Damage State defines a unique set of
conditions regarding the state of the plant and containment systems, the
physical state of the core, the primary coolant system, and the containment
boundary at the time of core damage. The important functional characteristics
for each Plant Damage State vere determined by defining the critical parameters
or system functions vhich impact key results. The sequence characteristics
which are important are defined by the requirements of the containment accident
progression analysis. These include the type of accident initiator, the

operability of important systems, and the value of important state variables
(e.E., reactor pressure) which are defined by system operation.

4.3.1.1 Identification of Important PDS Functional Characteristics

The accident initiators, plant systems and various possible states of the
reactor system and containment (at the time of core damage), and plant operating
instructions vere reviewed to determine the potential impact on containment
accident progression. The most important functional characteristics are listed
belov vithin functional categories.

(

|

|
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Containment Status At Core Damage
[ )h\_ Containment Intact

Containment Isolated
Containment Bypassed
Containment Failed

Event Type At Core Damage
SB0
LOOP Vith No HVAC
ATVS
Other

Power Recovery for SB0 Core Damage Sequences
Before Reactor Vessel Failure

-

Before Containment Vessel Failure
No Recovery

Containment Hitigation Features
Containment Heat Removal
Containment Sprays
Containment Venting
Pedestal Cavity Vater Supply*
Hydrogen Igniters*

* Annulus Exhaust Gas Treatment System

Reactor Pressure Vessel Status Prior To Vessel Failure7g
( ,) Late In-Vessel Injection Available

RPV Pressure''

In the Perry IPE Plant Damage Stage Grouping Logic the Containment Heat Removal
and Containment Spray functions vere combined into one function, " Containment
Heat Removal with RHR Spray Loop."

IPE preliminary evaluation of the core damage sequences indicated that a -

significant fraction of LOOP sequences involved the initial availability of the
safe shutdovn division 1 and 2 diesel generators, which later become unavailable
due to the loss of HCC, Svitchgear And Miscellaneous Electrical Equipment Area
HVAC. Loss of HVAC sequences are conservatively modeled in the containment
evaluation analysis as failing the HVAC system at time zero. The impact of
tripping the thermal overload protection on Division 1 6 2 and 3 MCCs in 4.7 and
10 hours, respectively, is the loss of diesel ventilation and the postulated
immediate loss of the associated diesel generator. LOOP vith no HVAC sequences

are similar to Station Blackout sequences (the Hydrogen Ignition System is
unavailable). However, the Plant Damage State Logic Grouping distinguishes LOOP
with No HVAC sequences, since the accident progression timing is substantially
different. Preliminary accident progression analysis of LOOP vith No HVAC
sequences identified that timing of RPV Failure and Containment Failure vere
sensitive to whether suppression pool cooling was available for the first 4.7
hours. So, Initial Containment Heat Removal Vith Suppression Pool Cooling was
added as a Plant Damage State functional characteristic. However, subsequent

IPE examination of MCC thermal overload heating determined that this vas not a
( )

contributor to core damage. Consequently, the LOOP vith No HVAC core damagep_s

\_/ sequences have been deleted from the analysis. Therefore, these functional
characteristics vere initially modeled but are not currently used: LOOP vith No

Page 4-3
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1

1

HVAC, and Initial Suppression Pool Cooling. ,

An examination of the above Plant Damage State functional characteristics list
indicates that the f ollovii.g characteristics (designated above with an
asterisk) vere not explicitly required in the plant damage state grouping logict
(1) Pedestal Cavity Vater Supply - since this is essentially the same as the
Late In-Vessel Injection, except for suppression pool overflov into the dryvell
and pedestal; (2) !!ydrogen Igniter availability, as well as (3', innulus Exhaust
Gas Treatment System availability which are dependent on AC power avt.ilability.

4.3.1.2 Identification of Key Event Timing

The timing of key events such as system failure and recovery, core cooling
recovery, fuel damage, and operator actions was reviewed vith MAAP computer runs
and discussions with plant operators.

Vhile both the NUREG/CR-4551 Grand Gulf report (Brown 1990) and the EPRI Generic
Framework for Individual Plant Examination Backend Analysis (EPRI 1990) included
one time related parameter P the plant damage state grouping criterit. (core
melt timing), the Perry IPE c ntainmern evaluation considered this information
was more pertinent for use in ofIsite consequence analyses. Therefore. core
melt timing is not included in the Pt .v Plant Damage State grouping criteria.

The timing related characteristics in the plant damage state grouping logic are:
Vessel Injection Failure Time, and Offsite Power Recovery Time.

The Vessel Injection Failure Time vindows for SB0 are

(1) 0 - 2.8 hours Initial loss of all RPV injection

(2) 2.8 - 4.2 Short term RCIC injection loss
(3) > 4.2 IIPCS and Firevater pump injection loss

The Vessel Injection Failure Time vindows for LOOP vith No llVAC And Vith
Suppression Pool Cooling Not Available are

(1) 0-3 hours Initial loss of all RPV injection

(2) 3 - 4.5 Short term RCIC injection loss
(3) > 4.5 llPCS and Firevater pump injection loss

The Vessel Injection Failure Time vindows for LOOP with No HVAC 6 Vith
Suppression Pool Cooling Available are:

(1) 0 - 9.5 hours Short term RCIC injection loss
(2) > 9.5 HPCS and Firevater pump injection loss

Offsite Power Recovery Time during SBU sequences with no injection and with
delayed RCIC injection loss is modeled with '.he three follov.ng time vindovsi

(1) After core damage and prior to EPV failure,
(2) After RPV failure and prior to slov overpressurization containment

failure, and

(3) No power recovery.

Offsite Power Recovery Time during SB0 sequences with delayed HPCC st

Page 4-4
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i

.{~)
Firevater) injection loss is modeled with the two following time vindovs, since

s_/ the time of RPV failure is near the time of containment failure (if containment ,

theat removal has failed):
f(1) After-core damage and prior to RPV failure, and

(2) No power recovery,
i

4.3.2 PDS Grouping Logic and PDS Characteristics

The Plant Damage State Grouping Logic is shovn in Figure 4.3.2-1. The Plant
Damage State Grouping Logic defines 75 plant damage states which distinguish the
important combinations of system states that can result in distinctly different ,

accident progress pathways; and therefore, different containment failure and
source term characteristics. This logic was developed using the important
functional characteristics identified above in section 4.3.1.1.

I
The PDS logic tree was developed with the following guidelines

!

1. The characteristics judged to be the most important, or on which subsequent
-decisions are dependent, are placed early (or left-most) in the diagram.

2. Decision ' points -toward the end of the diagram are eliminated, where
possible, based on . preliminary information on sequence frequencies and
consideration of whether a decision branch actually results in sufficient
differeaces in system functional states to variant differentiation.

() 4.3.2.1 PDS Grouping Logic Heading Definitions

The following PDS Grouping Logic Headings are used in Figure 4.3.2-1.

CNT_BYP Not A Containment Bypass Sequence
.

A containment bypass sequence with core damage results in a

radiological release to the environment. Potential bypass sequences
include the traditional Event V Interfacing -System LOCAs, and Hain ,

Steam Line Breaks.

CNT,FAL Containment Status At Core Damage

The success of cotatainment at core damage maintains the radiological
boundary. The failure of containment at, or before, core damage
allovs an early radiological release. The failure of the containment
may result- in the loss of RPV injection -due to the- physical
interaction between the containment structure and the iujection
-~ t. ems.

EVENT TYP tvent Type For Containment Intact or Failed-At Core Damage

I
If the ' Containment is Intact At Core Damage. the event type is
classified into one of the following: SB0, LOOP No HVAC, and OTHER

TYPES. If the containment is Not Intact At Core Damage, the event
. type is classified ast CRITICAL ATVS, LOOP & SBO, or OTHERS. Note

' O- that for SB0 initiated core damage sequences where offsite power is
recovered in the Plant Damage State event tree before core uncovery,

I. Page 4-5
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the PDS grouping for the event type at core damage vould be OTHER
TYPES or OTHERS, as appropriate. Also, note that Critical ATVS
defines ATVS sequences in which the core is not shut down by the
standby liquid control system initially in the front-end event trees
or after core damage by operator recovery action in the plant damage
state event trees. Therefore, all the ATVS core damage sequences
which are shutdovn by early baron injection are classified as OTHERS.

SUPR_PL
Initial Containment Heat Removal Vith Suppression Pool Cooling

LOOP Vith No HVAC sequences are subdivided into into those with

initial containment heat removal and those without as: NOT

AVAILABLE, and INIT SP COOLING. Initial Suppression Pool Cooling can
impact the timing of.RCIC failure, as well as the magnitude of the

expected peak burn pressure if hydrogen generation or core concrete
interaction subsequently occurs.

CNT_ISOL Containment Vent 1solated At RPV Failure

Containment isolation prior to fission product release maintains
containment integrity and prevents the release of fission products

following core damage. Failure of the containment isolation valves
to isolate and maintain containment integrity is a function of the
containment penetration valve isolation reliability, as well as of
the sequenca type.

At the onset of a SB0 sequence the AC motor operated containment
isolation valves may fail "as is", if the diesel generators do not
load to the divisional safety buses. At Perry the only normally open
system penetrating the containment boundary and interfacing with the
containment atmosphere is the Fuel Pool Cooling and Cleanup discharge
penetration. All other systems with motor operated containment
isolation valves either have normally closed isolation valves or are
closed systems which do not interface with the containment atmosphere

| in the normal operating lineup. The 9.5 inch equivalent diameter
Containment Pools Return line provides a release path from the upper
pool skimmers to the spent fuel pool skimmers and the fuel pool

cooling surge tank vent. The backup hydrogen purge line is another
containment penetration which may be open about half of the time

i
during pover operation. The 2 inch diameter backup hydrogen purge
line routes dryvell air from the dryvell to the Annulus Exhaust Gas
Treatment System in the intermediate building. Following a Loss of
AC Power event. these open isolation valves vill be manually closed
locally in accordance with the off-normal instruction. Vhen AC power

; is restored, the inboard and outboard isolation vaives associated
l vith each open penetration vill close with high reliability with the

re-energization of the safety related division 1 and 2 buses.

For SB0 sequences where the containment is intact at core damage, the
isolation stetus of the Fuel Pool Cooling and Cleanup penetration is
modeled as ISOLATED or NOT ISOLATED. For the Not Isolated status,

the containment is modeled as open throughout the remainder of the
sequence.
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.O. For Non-SB0 sequences when the containment is intact at core damage,'

the containment isolation valves are modeled as alvays isolated since
the relative containment isolation failure probability is much lover |

. than for SB0 sequences. For Non-SB0 sequences, AC power is available ;

! and the nuclear steam supply shutoff system is available to i

automatically isolate the containment. If an automatic isolation
signal should fail to position the associated valve closed, the ERIS |
computer vould alert the control room (as well as the Technical

,

Support Center) of this abnormal alignment, and manual closure vould ,

'

i occur.
r

'

For those sequences where the containment is not intact at core
damage, the functional characteristic of Containment Isolation is not
pertinent to the analysis and this is not used in the grouping logic.

INJ_F_ TIN Reactor Pressure Vessel Injection Failure Time

If the core damage sequence Event Type is 5B0 or LOOP Vith No HVAC,
the RPV Injection Failure Time is classified into the following time
vindows.

1) Initial Loss of All-RPV Injection

2) Delayed RCIC Injection Loss

3) Delayed HPCS (or Firevater) Injection Loss j

Time vindows 1), 2) and 3) are utilized for SBO, and LOOP Vith No
HVAC sequences.

Delayed loss of RCIC injection occurs when the suppression pool
temperature approaches the Heat Capacity Temperature Limit - the RPV ,

is depressurized and the RCIC turbine becomes unavailable due to lov
supply steam pressure. RCIC operation time varies for each sequence
type.

SB0 2.8 - 4.2 hours
LOOP No HVAC - No Initial Supr P1 Clg 3.0 - 4,5 hours.

LOOP No HVAC - Initial Supr Pool C1g 0 - 9.5 hours

PVR_R_TIH Offsite Power Recovery Time
,

Power restoration to either the division 1 or 2 safety-related bus
from offsite power after core damage is classified into the following
time vindovs.

|

1) PRIOR RPV FAIL After cure damage and prior to RPV failure.
|

2) CNTMT LIMIT After RPV failure and prior to a containment
capacity overpressure threshold.

3) NO RECOVERY No power recovery after core damage.

i
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\

Generally recovery vindows 1), 2) and 3) are utilized for the SB0
sequences with the loss of all injection, and delayed RCIC injection
failure sequences. Recovery vindevs 1) and 3) are used for SB0
sequences with delayed HPCS (or Firevater) injection failure. If

power is recovered before reattor vessel failure, then the AC povered
inj ection systems can cool the core debris in-vessel and may prevent
RTV failure. If power la recovered before containment failure due a
gradual pressurization, then the RHR containment heat removal or
venting motor-operated valves can be utilized to prevent containment
failure.

SPRAY Containment Heat Removal Vith RHR Spray Loop

Containment heat removal ensures that the containment pressure vill
be maintained belov the containment capacity overpressure threshold.
Containment heat rtmoval is accomplished with a RHR heat exchanger.
Containment Sprays also remove aerosols and mitigate hydrogen
combustion effects.

The Containment lleat Removal Vith RHR Spray Loop functional
characteristic is included in the logic model whenever AC power is
available or recovered at some time during the later part of the

sequence progression. Por those sequences where the containment is
not intact or the containment is never isolated, this functional
characteristic is not pertinent to the analysis and is not used in
the grouping logic. In these cases the conservative assumption that
RHR sprays are not available is made. g

VENT Containment Heat Removal Vith Vent
|

Containment venting is accomplished with the Fuel Pool Cooling and
Cleanup or Containment Spray Header vent pathways which can maintain
containment pressure below the containment capacity threshold limit
of 50 psig.

The Containment Vent functional characteristic is included in the
logic model whenever Containment Heat Removal Vith Sprays is not
successful and the containment is intact (and isolated) at core

|

damage.

LAT_INJ Late In-Vessel Injection & Pedestal Cavity Supply

Successful late in-vessel injection can arrest core damage and can
prevent RPV failure. In the Petty IPE Late In-vessel Injection is

defined as those injection systems ot alternate injection systems
that are available and capable of injection when the RPV pressure is
lov and that initiate prior to core plate failure and continue to
operate aftervards.

Conservatively those systems which be recoverec after corn plate
failure are not considered in this analysis. Also it is postulated

that if core damage occurs and the RPV is not depressurized, then
late in-vessel injection is not successful. (However, these low

'

pressure in-vessel injection systems may still be available to inject
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vater into the RPV and into to the pedestal cavity through the
breached vessel.) For the slov overpressure containment failure i

sequences in the PDS event trees, the late injection function
*

includes the impact of containment failure when determining late
g

injection system availability.

For those sequences where offsite power is recovered, Late In-Vessel
Injection is modeled with the following systems: ECCS, Condensate
Transfer Alternate Injection, Emergency Service Vater Cross-Tie, the
e)*ctric motor-driven firevater pump, the diesel-driven firevater
pump and the Ferry Township Fire Department Pumper.

For sequences where all AC power is lost, and offsite power is not
recovered, Late In-Vessel Injection is modeled with the following
systems: the diesel-driven firevater pump, and the Perry Township !

Fire Department Pumper.

For sequences where all AC power is available, Late In-Vessel

Injection is modeled with the following systems: Condensate Transfer
Alternate Injection, Emergency Service Vater Cross-Tie, electric
motor-driven firevater pump, diesel-driven firevater pump, and the
Perry Township Fire Department Pumper.

RX_ PRES RPV Depressurized During Core Damage

RPV depressurization during core damage and at the time of vessel

O failure effecto in-vessel steam explosion phenomena and direct
containment heating phenomena at vessel breach.'

The RPV Depressurized During Core Damage functional characteristic is
included on all Plant Damage State Grouping Logic branches.

,

4.3.2.3 Comparison Vith NUREG/CR-4551

The Perry IPE Plant Damage State grouping provides 11 questions regarding
conditions prior to the initiation of core damage. The NUREG/CR-4551 Grand Gulf

.

(Brown 1990) Accident Progression Event Tree includes 22 questions to describe
conditions at the beginning of the accident. These include plant damage state
grouping, evaluation of containment and dryvell structural capabilities, whether

,

|

the ignitors are operating and whether the containment is vented before core
i damage.

The Perry PDS grouping does not explicitly include a question about the
availability of DC power, since this included in the PDS event tree for
successful RPV Depressurization.

The Perry PDS grouping does not_ include a question on the number of SRVs which
have failed to reclose, since core damage sequences vith one or two open SRVs
contribute about 3.3% of the total CDP. The Grand Gulf APET asks one question
to determine if one or more SRVs fail to reclose.

| The Perry PDS ;, euping provides one question for late in-vessel injection and

pedestal cavity water supply, whereas the Grand Gulf APET includes seven
questions regarding the status of injection systems and alternate injection
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systems.

The Perry PDS grouping provides one question regarding containment heat removal
with an RHR spray loop that includes successful petformance of the RHR heat
exchanger. The Grand Gulf APET provides two questions: 1) Does RHR fall (heat
exchangers not available), and 2) Are the containment sprays failed?

Both the Perry PDS grouping and the Grand Gulf APET include a question regarding
the status of vessel depressurization.

The Perry PDS grouping indirectly includes the time of cote damage for Station
Blackoet events events vhere the containment is intact at core damage by
modeling the time of injection loss, and for those PDS groups for which the

containment is f ailed at core dataage however this is not included to those PDS
groups for which the containment intact at core damage and AC power is

available. The Grand Gulf APET asks if core damage occurs in the short term

(approximately 1 hour) or in the long term (approximately 12 hours).

The Perry PDS grouping incittdes a question to evaluate the isolation of the
containment vont during Station Blackout sequencesi if the vent is not isolated,
then containment is modeled as not capable of pressurfeing. The Grand Gulf APET
includes two questions: 1) What is the level of pre-existing leakage of

isolation failure, and 2) Is the containment not vented before core damage?

The Perry PDS grouping does not include the Grand Gulf APET question regarding
the level of pre-existing suppression pool bypass through the dryvell personnel
hatch.

The Perry PDS grouping does not include the conditi n regarding the operator

actuation of the Hydrogen Ignition System before core damage, but this action in
included in the Accident Progression Event Tree logic structure as event 16
which is discussed in section 4.5.2.2.

4.3.2.4 Plant Damage State Event Trees

Plant Damage State Event Trees were developed by extending the Leval I core
damage event trees with the additional PDS functional characteristics defined
above to fully evaluate all the "CD" core damage sequences, and pruning the "OK"
no core damage branches. The Plant Damage Event Trees developed for Level 1/2
interface are included as Figures 3.1.4-1 through 19.

The Plant Damage State Event Trees for all initiating events include the

following PDS functional headings: Containment Heat Removal Vith RHR Spray

Loop, Containment Heat Removal Vith RHR Suppression Pool Cooling. Containment
Heat Removal Vith Vent, Late RPV Depressurization, and Late In-Vessel Injection
& Pedestal Cavity Supply. Late RPV Depressurization during core damage (and
before RPV failure) is modeled on core damage sequences where this function has
not been previously applied, and also applies a human interaction recovery to

those sequences vhere the initial deptessurization attempt has failed. The Late
In-Vessel Injection function includes the dependency of containment failure on
ECCS and alternate injection for those sequences where both RHR and venting
containment heat removal fail which can result in failure of the operating

injection system.
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O The Station Blackout Plant Damage State Event Trees include the following unique !

functional characteristics: Offsite AC Power Recovery Prior To RPV Failure,
Offsite AC Power Recovery Prior To Containment Failure, and FPCC Isolation Shut
By Operator Or By Diesel Operation. The time of RPV failure is determined by
MAAP analysis when the core plate failure occurs. Similarly, the time of
containment failure is determined by HAAP analysis when the containment pressure
reaches the containment overpressure threshold limit of 50 psig. Offsite power
is modehd as being restored to the plant by adjusting the RPV failure and
containment failure times by the time required to align the electrical syster
from the control room, and to align the KPV injection or RHR containment heat
removal system.

The ATVS Plant Damage State Event Trees include the human interaction recovery

Late SLC Injection After Core Damage to account for successful reactor shutdown
after nominal core damage has occurred when RPV injection is available.

4.3.3 PDS Frequencies and Dominant Sequences

Seventy five plant damage states are used to group the Level 1 (Plant Damage
State) sequences. The Level 1 plant damage state event tree sequences vere

Plant Damage State Grouping Logi
frequencies less than 10'gassigned to plant damage- states using the

diagram (Figure 4.3.2-1). Plant damage states with
The total back-end corewereeliminatedfromtheback-epdcontainmentanalysis. '

damage frequency is 1.27 x 10' . The back-end c 97.2% of
the front-end core damage frequency of 1.31 x 10" ore damage frequencydue to binning cutoffs. ;

We Dominant Plant Damage States _are listed in Table 4.3.3-1, by frequency with
the individual sequences contributing above 1% listed. Fifteen PDS groups <

L represent 95% of the core damage frequency. The most dominant PDS groups are
4

53, 56 and 73 which represent 71% of the core damage. A general discussion of
these three PDS groups is provided below.

PDS group 53, represents Non-SB0 sequences with the Containment Intact At Core
Damage and successful _ Containment Heat Removal with the RHR Spray Loop, Late
In-Vessel Injection,andRPVDepressurizatjonDuringCoreDamage. PDS group 53

has a core damage frequency of 4.44 x 10' (35%). This group has 7 dominant
above 1% of the core damage frequency. The most dominant sequence

-

sequences
(18%) is an A W S (successfully shutdown with the Standby Liquid control) Loss of
Power Conversion System, failure of the Motor reedpump, and foilure to inhibit
ADS. his group also includes four other (shutdown) AWS with Loss of PCS
sequences with each contributing from 1 to 5%. A (shutdown) AWS with Loss of
reedwater and failure to inhibit ADS contributes 2%. The other dominant
sequence is a tooP with loss of all injection which contributes 1%.

PDS group 56, represents Non-SBO sequences with Containment Intact At Core
Damage and successful Containment Heat Eemoval with the Vent, Late Injection,
and RPV Depressurization During' Core Damage. PDS group 56 has a core damage
frequency of 3.40 x 10" (27%). This group has 6 dominant sequences above 1% of
the core damage-frequency. The most dominant sequence (9%) is a flood in Zone
-13B with failure of all injection. The second sequence (6%) is a Loss of
Instrument Air with Loss of all injection. The third sequence (3%) is a Station
Blackout sequence with successful recovery of offsite power before core uncovery |

-

and subsequent loss of all injection. The fourth sequence (2%) is a riood in
'

! Zone FID with loss of all injection. The remaining two sequences (1.6% each)
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are a Large 1.0 A and to0P with failure of injection.

PDS group 73, represents sequences other than critical A WS or LOOP & SD0 with
Containment Yailed At Core Damage, unsuccessful Late injection, and successful

D PDS group 56 has a frequency of 1.22
10~ppressurization During Core Damage.RPV '

(10%) This PDS has just I dominant sequence (8%), Loss of PCs andx
failure of containment heat removal with subsequent fallure of all late |

injection, j

7 of the 15 dominant PDS groups (63, 65, 66, 67, 69, 71 and 73) represent |

Containment railed Before Core Damage sequences with a frequency of 2.86 x10"
(22.5%). All the PDS groups associated with Containment railed Before Core
Damage contribute to a frequency of 2.90 x 10'' (22.8%). This 22.8% Containment
Failed Before Core Damage is comprised of: Critical ANS (4.4%) with dominant
PDS groups 63, 65 and 66, LOOP & SB0 (4.3%) with dominant PDS groups 67 and, and
CrnIERS (14%) with dominant PDS groups 71 and 73.

5 of the 15 dominant PDS groups (1, 25, 32, 36 and 9) represent Station Blackout
core damage sequenc The total core damage frequency in these five SB0 PDS
groups is 5.57 x 10'ys.(4.4%). All the S00 PDS groups (1 through 47) comprise 9%
of the core damage frequency.

4.4 COtRAIfMENT AND DRWELL FAILt!RE CHAPACTERISTICS

4.4.1 Containment Failure Modes

internalgThe l'e r ry Mark III steel containment is designed to withstand an
pressure of 15 psig and an external differential pressure of 0.8 psi. The

potential containment and drywell failure modes under severe accident loading
conditions were analyzed by the Perry containment architect for the IPE
containment evaluation (Gilbert / commonwealth 1992).

The Perry Mark III steel containment failure modes are the following:

1. Dome Knuckle
2. Dome Apex
3. Cylinder
4. Personnel Air Lock
5. Equipment Hatch (Bolts)
6. Penetration P123
7. Penetration P205
8. Penetration P414
9. Anchorage, Steel
10. Anchorage, Concrete

most likely and are expectedPenetration failures (at P414, P205 and F123) are
to commence progressively in size with increasing pressure after leakage
initiation. Failure at all containment failure modes, other than the steel and
concrete anchorage, results in a release into the shield building through a
failure located above the suppresrion pool. The ler.s likely failure of the
containment anchorage can result in gross failure of the containment vessel at
the basemat foundation which can impact RPV injection line integrity and
suppression pool inventory, as well as provide a radiological releese pathway
from the drywell to the environment with no pool scrubbing.
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We casnits of the Gilberc/ commonwealth containment failure modes analysis are
provid,d in Table 4.4.1-1 and are summarized below, for a more complete
dise.assion refer to the Perry IPE Containment Capacity Analysis included as
Appt..mdix H.1.

We Dome Knuckle and Dome Apex failure modes result in ruptute of the steel
shell and consequential loss of pressure through the rupture opening. We,

Cylinder failure mode would result in gross rupture with a rapidly progressing-

failure area and an associated rapid depressurization of the containment.

ne Personnel Air Lock failure mode results in leakage through the inflatable
seals for failures occurring below the median failure pressure and rupture
through the blown out seals for failures occurring above the median failure
pressure,

l

We Equipment Hatch failure mode results in leakage through the seals for !

failures occurring below the median failure pressure and gross tupture (from |
/hatch bolt failure) for failures occurring above the median failure pressure.
1RCIC PumpPenetration failure modes (associated with penetration P123 -

Discharge- and PJE Spray, penetration P205 - ruel Transfer Tube, and penetration ,

P414 - Feedwater) commence with a small leakage area of about 5 square inches
which increases with containment pressure to an area of about 30 inches.

-Anchorage failure modes (associated with the 288 steel anchors and the adjacent
basemat foundation concrete wedge) are modeled simplistically as resulting in
gross failure of the containment vessel. This failure would be sudden with no
yielding and could be progressive around the containment.

Failure of the Perry Mark III containment would result in pressurizoion of the'

shield building annulus which has silicone foam seals around pipe t letrations
and neoprene expansion joints between building gaps. Failure of the low,.

pressure rated silicone . foam seals could route the steam release and
radionuclides into the LPCS and HPCS pump rooms.

We Containment Capacity Analysis characterized the expected type of failure for
each failure mode as leakage, rupture, or gross rupture. Leakage was defined

as an area of approximately 0.1 square feet which results in slow

depressurization. Rupture was defined as an area from 0.1 to 7.0 square feet.
Gross rupture was defined as an area of greater than 7.0 cquare feet. The

Expected Types of Containment railure are summarized in Table 4.4.1-2.

Yfc J r. cont ainment evaluation identified the anchorage failure modes as
>n W at- and generally classified the containment failure type as either
ri. h p or penetration. In the Perry level 2 IPE, penetration containment
fall w - includes piping penetrations, the personnel airlock, and the equipment

Also, because of similar failure characteristics (i.e., failure occurshatch.
in the containment gas space above the suppression pool) the dome knuckle, dome
apex and cylinder failure modes are also combined with the penetration modes.

4.4.2 D g Q *ailure Modes

The Perry- 111 drywell is designed to withstand an internal pressure of 30
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psid and and external pressure of 21 psid.

fne drywell failure modes cre:

1. Drywell vall
2. Drywell : : >f
3. Drywell head
4. Drywell equipment hatches
5. Drywell personnel airlock

he analysis of the capacities of the above failure modes determined that the
most significant is the drywell head. Internal pressute impacts all 5 failure
modes; whereas, external pressute impacts failure modes 3 thru 5.

The results of the Gilbert / Commonwealth drywell failure modes analysis are
provided in Table 4.4.2-1,

4.4.3 containment overpressute Fragility

A composite containment fragility curve was calculated using the methodology
described in IDCOR Technical Report 10.1 Appendix B, Methodology Used to
Generate Fragility Curves to Describe Containment Overpressure railure Modes
Suitable for Use in Probability Risk Assessment (IDCOR 1983).

he Containment Overpressure Fragility curve is provided as Figure 4.4.3-1. The
containment overpressure Fragility curve exhibits a 1% probability of failure at
50 psig, a 5% probability of failute at 53.5 psig, a 50% probability of failure &
at 64.3 psig, and a 99% probability of failure at 79 psig. The containment W
pressure of 50 psig (with a 1% probability of failure) is defined to be the
containment capacity overpressure threshold litait and is used to conservatively
estimate the time of containment gradual overpressure failure in event trees and
plant damage state event trees.

4.4.3.1 Slow cverpressure Conditional Probability of Anchorage railure

he conditional probability for anchorage failure given slow overpressurization
containment failure is 0.15. The containment Capacity Analysis characterization
of penetration failure states that early containment penetration failures which
occur below the median failure pressure of each failure mode would initiate as a
small leak that would breach the containment boundary but would not terminate
the slow pressure increase. Containment failure leakage size is expected to
increase to a larger leakage site in proportion to the increase in containment
pressure toward the median failure pressure until the leakage from containment
balances the steam generation rate. The Perry IPE calculated a best-estimate
weighted average of the conditional probability of anchorage failure over the
pressure range for the most likely containment failure modes (the 3 piping
penetrations) of 70 to 80 psig where the expected leakage size of about 0.1
square foot was adequate to vent decay heat.

4.4.3.2 rast overpressure conditional Probability of Anchorage Failure

The fast overpressure conditional probability of anchorage failure was examined
to address the additional likelihood of anchorage failure due to fast pressure
rises from uncontrolled hydrogen combur-tion for peak pressures above 79 psig,
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O where 99% containment failure is expected to occur. When the hydrogen ignition
system is unavailable and uncontrolled hydrogen combustion overpressurization !,

may occur, containment failures up to the size of a gross rupture (characterized
'

with a ic"er bound of 7 square feet) do not significantly reduce the expected
peak pressure rise. Expected burn pressures from hydrogen combustion wuld

'

continue to individually challenge the concrete anchorage (with a 92 psig median
failure pressure) and the steel anchorage (with a 135 psig median failure !

pressure) even if containment failure occurs at other failure locations. The
: expected hydrogen combustion peak pressures during a severe accident (without
i continuously available hydrogen ignitors) can range upward to 200 psig. The

rast overpressurization railure Mode is applied to hydrogen combustion ,

containment failures to determine the conditional probability of anchorage :

containment failure as a function of the peak burn pressure, for a complete |
discussion of hydrogen combustion analysis refer to sections H.3.3, 11.3.6 and
H.3.10 in Appendix H.3, PNPP IPE Accident Progression Event Tree Description.

The fast Overpressure Conditional Probability of Anchorage railure curve is
provided as rigure 4.4.3-2. The rast Overpressure Conditional Probability of
Anchorage railure curve exhibits a 26% conditional probability of anchorage
failure at 80 psig, a E0% conditional probability of anchorage failure at 92 ,

psig, and a 95% conditional probability of anchorage failure at 125 psig. :

4.4.4 containment overpressure railure Impact on RPV Injection :

The containment overpressure failure impact on RPV injection is modeled in the
front-end event trees and in the back-end accident progression event tree. We
front-end event trees include tne functional heading, Core Not Vulnerable To
Damage, after the functional headings: Long-Term containment Heat Removal -

Venting. Given failure ofRHR, and Long-Term Containment Heat Removal -

,

Long-Term Containment Heat Removal, the functional event tree heading, Core NotI

vulnerable to Damage, defines the susceptibility of the core to damage as a
result of containment -slow overpressure failure degrading the RPV injection
system which was initially modeled as successfully maintaining adequate core
cooling. The accident progression event tree similarly evaluates the impact of
containment hydrogen combustion fast overpressure failures prior to RPV failure, '

and at RPV failure on the RHR containment spray and RPV injection systems. i

The Perry IPE assessed the impact of containment failure from slow
overpressurization before core damage on the operating RPV injection system, by
accounting for the following . factors that can degrade RPV injection sources
containment failure mode, injection system piping disruption, and injection
system degradation due to environmental conditions. Special decomposition event
trees are used to quantify the event tree heading, Core Not Vulnerable To
Damage, for the following four RPV injection cases (shown in Figures 4.4.4-1
through 4.4.4-4): HPC5, low pressure ECCS, Injectit.. Through the Feedwater
Line, and Injection (from sources) Datside the Auxiliary Building.

The event tree for the Quantification of Core Not Vulnerable To Damage starts
with the containment slow overpressure conditional probability of 0.15 for ,

anchorage failure and 0.85 for penetration failure. ,

h e likelihood of injection system piping being disrupted due to anchorage
failure was assigned a probability of 0.9 since there is a small likelihood that
anchorage failure may occur without gross containment movement. We likelihood
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of injection system piping being disrupted due to containment penetration
failure for the case of Injection Through the reedwater Line was assigned a
probability of 0.05 since the failure of the feedwater tenetration P414 has a
small likelihood of causing structural disruption.

1he likelihood of RPV injection system degradation due to environmental
conditions was assessed for each of the four cases. HPCS failure due to the
steam release through a penetration failure was assigned a probability of 0.5.
Low Pressure ECCS failure due to steam release through a containnent penetration
failure was characterized as somewhat less likely with a probability of 0.3,
since only the LPCS pump room has penetrations that lead directly to the shield
building annulus. However, low pressure ECCS failure due to steam release from
anchorage failure was characterized as having a higher failute potential and
assigned a probability of 0.5. railure of injection Through The reedwater Line
was not considered credible due to the remote location of the associated
condensate and feedwater pumps and ascigned a probability of 0.0. Also, to

account for structural failute of Injection Through The reedwater Line
associated with penetration failures in close proximity a probacility of 0.05
was assigned, railute of Injection outside the Auxiliary Building was assigned
a probability of 0.0 due to the remote location of the firewater pumps.

.

The Cv, Core Not Vulnerable To Damage failure probabilities were calculated for
the following r"" injection failure cases given f ailute of containnent.

0.57CV - HPCS -

0.40CV - Low Pressure ECCS -

||||0.18CV - Alt Injection Thru the reedwatet Line -

0.14CV - Alt Injection outside the Auxiliary Bldg -

4.4.5 Drywell Overpressure Fragility

A Drywell Overpressure Fragility curve was developed to support the evaluation
of the impact of wetwell hydrogen combustion overpressurization on drywell ,

integrity. This curve was developed using the Perry estimated nean failure
pressures for external loading and the drywell failure mode uncertainties
applied in the 1985 Kuosheng Nucleat Power Station Probabilistic Risk Assessment
(ROC AEC).

The Drywell External Overpressure Fragility anve is provided as rigure 4.4.5-1.
The Drywell External Overprorsure Fragility urve exhibits a 51 probability of
failure at 47.5 psid, n 501 probability of failure at 70.8 psid, and a 951
probability of failure at 95 psid.

O
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4.5 CONTAINMENT EVENT TREES

4.5.1 Contain_ ment Severe Accident Analysis .

'

The Perry IPE back-end analysis of a Mark III containment is developed to
,

address the recommendations provided in the Generic Letter 88-20, Appendix 1,
" Guidance of the Examination of Containment System Performance." To best

~

transpose the severe accident analysis phenomenological iramework and the
iassociated quantification data of the Grand Gulf NUREG/CR-4551 evaluation (Brovn

1990) and model the many dependencies associated with containment loading
mechanisms such as steam genfration, hydrogen generation and combustion, and the j

.

subsequent variations in pr 1sure and temperature within the containment, the !
generalized event tree proce ;or, EVNTRE vas selected. EVNTRE (Griesmeyer 1989) !
var developed at Sandin National Laboratories for use in probabilistic risk
analyses of severe accident progression for nuclear power plants, and was used
in the Grand Gulf evaluation and which supported the final NUREG-1150 report

(NRC 1989). |

The Perry Accident Progression Event Tree (APET) is a concise version of the
Grand Gulf NUREG/CR-4551 APET. The Perry APET consists of 68 questions or
events-that address four general time periods of severe accident analysis.

1) Plant Damage State - conditions prior to the initiation of core damage. I

11 events identify important plant damage state functional
characteristics. The Plant Damage State Grouping Logic developed in
section 4.3.2 is applied in the APET as the initial plant conditions.

O 2) Early - accident progression from the beginning of core damage to just
before vessel breach or_ Reactor Pressure Vessel (RPV) failure. 18
events analyze accident progression with regard to in-vessel cooling,

hydrogen combustion before RPV Failure, and the impact of early
containment failure on injection systems and RHR spray piping.

3) Intermediate - accident progression from immediately before RPV failure
to the time of significant Core Concrete Interaction (CCI). 24
events analyze accident progression from just before RPV failure with
regard to dryvell failure, hydrogen combustion at or near the time of i

RPV failure, pool bypass before or near the time of RPV failure, and !
the impact of containment failure on injection systems and R!lR spray '

*piping.

4) Late - accident progression during CCI. 15 events analyze accident
progression after RPV Failure with regard to pedestal failure from
concrete erosion, late hydrogen combustion and slov overpressurization
(from -steam and non-condensible gases) containment failure, and late
pool bypass from hydrogen combustion and other processes.

The 68 questions or events included in the Perry APET are listed in Table
4.5.1-1. These events are discussed in Section 4.5.2.2 along with the branch

definitions. The Perry APET program input' data file is provided in Appendix
11 . 2 , PNPP IPE APET Program . wut Data File. A detailed description of the hov

O the branch probabilities "w assigned to the APET events is presented in
Appendix 11.3, PNPP IPE APET vescription.
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4.5.1.1 Grand Gulf imREG/CR-4551 Cotrtatison

The Grand Gulf !WREG/CR-4551 APET consists of 125 questions covering the same
four general time periods:

1) Initial. 22 events describe the conditions at the beginning of the
accident including plant damage state grouping, evaluation of
containmen; and dryvell structural capacities, whether the ignitors are
operating and whether the containment is vented.

2) Early. 25 events for this period consider the status of important
systems (coolant injection, AC pover, hydrogen ignition system, etc.),
the composition of the containment and dryvell atmosphere, hydrogen
burn phenomena (ignition and loads), and the containment and dryvell

response to the containment loads.

3) latermediate. 41 events evaluate this intermediate period. The

potential for in-vessel core damage arrest (no vessel failure) is
addressed in this time period. The majority of these questions address
the loads accompanying vessel breach and the containment nnd dryvell
structural response to these loads. Hydrogen combustion is considered
at the time of vessel breach and during the time period before

significant CCI commences.

4) Late. 27 events evaluate containment failure from hydre en combustion
and late over-pressurization, as well as dryvell fail' 1 rom hydrogen
combustion and reactor pedestal failure.

4.5.2 Summary of Event Tree Structurc

4.5.2.1 Perry Summary Containment Evaluation Tree

The Perry APET analysis structure is graphically described with two figures: the
previously described the Plant Damage State Grouping Logic, Figure 4.3.2-1, and
by the Summary Containment Event Tree, Figure 4.5.2-1. These figures provide a
transparent graphical summary of the entire containment evaluation analysis

framework. The Summary Containment Event 'ree provides a general summary of the
APET analysis framework over the three accident time periods: early,

intermediate and late. The Summary Containment Event Tree is constructed to

allow the various accident progression pathvays to be easily understood since
the detailed APET, because of its size, cannot be graphically presented. The

Perry Summary CET is a graphical enhancement aid only, and is not used for

quantification.

The Summary CET contains the most important events considered in the Level 2
analysis and summarizes possible paths that an accident sequence may progress

along. The Summary CET headings are the most important " events" which can lead
to significantly different outcomes in the sequence progression where the major
outcomes of interest relate to tit ng and mode of containment failure and the
atmospheric release of radionuclide The Summary CET events vere chosen to

1) represent the uncertainties in physical phenoinena (e.g. hydrogen
combustion containment loading)
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2) assess operator recovery, and mitigation actior,. and

3) assess consequential failure of important systems given the occurrence
of specific physical phenomena (e.g. hydrogen burns) or as a result of
the general severe accident environitent.

The 10 Perry Summary containment Eqnt Tree ficadings are described below in
section 4.5.2.2, Accident Progression Event Description. These events are also '

_

contained as distinct headings in the Perry IPE APET. The number for these
events in the Perry APET is shown along with the APET events which these events
are dependent. 3

J

Each Summary Containment Event Tree lleading is evaluated by a Decomposition <

Event Tree (DET) that includes the important APET events. (Reference DET
Figures 4.5.2.2.1-1 through 4.5.2.2.10 1.) The DET Jogic structure depicts a
general characterization of the APET nd is provided to enhance the severe
accident technological transfer.

4.5.2.2 Accident Progression Event Description

APET Events 1 through 11 are the Plant Damage State Grouping Logic parameters.
The Plant Damage State parameter APET Events are fully desct4 bed in section
4.3.2, PDS Grouping Locic and PDS Characteristics.

APET Events 12 through 68 are presented with a summary discussion below. A
complete description of the APET Events is provided as Appendix 11.3, PNPP IPE

O- APET Description.
1

4.5.2.2.1 Dobris Cooled In-Vessel (APET Event 15)

This event assesses the. probability that the damaged core can be cooled
in-vessel and vessel failure prevented. To be coolable, a cource of in-vessel '

injection with flov in excess of that required to remove decay heat must be
available. If the reactor has not been shutdown by Standby Liquid Control during
ATVS sequences, the current Plant Emergency Instruction (PEI) does not ensure

icontainment- Antegr;ty vill be maintained, and late in-vessel cooling is assumed
not possible. Vhen the debris is cooled in-vessel the threat to containment
integrity vill be reduced since: 1) the potentially large containment and
dryvell loads resulting from mechanisms at vessel failure (fuel coolant
interaction, and vessel blovdown) vill not be present, and 2) the production of
combustible gases (tt2 and CO) and other non-combustible gases (CO2) resulting
from debris / concrete attack vill be avoided.

Figure 4.5.2.2.1-1 Debris cooled In-Vessel Decomposition Event Tree (DET) shows
the general characterization of this portion of the APET.

This APET event, Debrfs Cooled In-Vessal, is dependent on the following Events
in the Perry APET. ,

APET Event 12. Late RPV Lov Pressure Injection Available

Three Branches Summary Branches

1) Vater Injection Available to the RPV VATER INJECTION
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2) No Injection Available NO PUECTION
3) Critical Reactivity Condition CRITICAL ATVS

This event assesses if lov pressure water injection to the reacter vessel
can be established subsequent to core damage, but prior to reactor vessel
failure. It should be noted, that CRD injection is not credited as a
source of late injection. A separate branch is developed for the Critical
(non-shutdovn) ATVS sequences with failure of Standby Liquid Control.

APET Event 13. RPV Depressurized During Core Damage

Two Branches: Summary Branches

1) RPV Depressurized During Core Damage LOV PRESSURE
2) RPV Not Depressurized HIGH PRESSURE

In-vessel cooling requires that the reactor pressure vessel be
depressurized to permit the lov pressure Lat -Injection systems to provide
flow to the reactor core.

APET Event 14. Debris Mass Molten at RPV Breach

Two Branches: Sunrary Branches

1) Large Mass Molten Debris in Lover RPV LARGE DEBRIS

2) Small Mass Molten Debris in Lover RPV SMALL DEBRIS

OThe mass of molten debris in the reactor vessel lover head is a key factor
in deteruining the probability of successful in-vessel cooling.

APET Event 15. Debris Cooled In-Vessel

Two Branches: Summary Branches:

1) Debris Cooled In-Vessel COOLED INVESSEL
2) Debris N,t Cooled NOT COOLED

The Debris Cool-d Tn-Vessel event determines the probability that the
debris is cooltd 2c v.ssel (and reactor vessel failure is prevented). The
In-Vessel coolav!i- prabability is determined as a function of debris
mass, and late injection availability. If the reactor has not been
shutdown during ATVS sequentes and contcinment is failed at core damage,
then late in-vessel cooli.g is assumed not possible.

A special case is led so consider the impact of an ATVS Alternate
Shutdown modification tn tb" following tro elements.

1) A PEI change to direct RPV Power /Lesel be controlled just above the
Minimum Steam Cooling Vater Lavel when containment pressure control

-is challenged. The reduced reactor power vill enable successful
containment heat removal with venting, and reactor steady state
operation ...en the RPV injection is through the feedvater spargers.
RPV injection through the feedvater spargers when the RPV vater
level is deliberately lowered vill provide a high rate of heat
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transfer in ine shroud annulus, and reduce the subcooling of the
core inlet vater such that limit cycle reactor power oscillations
vill be prevented.

2) A plant modification to add alternate shutdown capability.

4.5.2.2.2 Mode Of Con _tainment Failure Before RPV Failure (APET Events 24,25)

These events. assess the probability that gradual steam overpressure or early
hydrogen combustion results in one of several possible modes of containment
. failure.

A description of the Perry containment failure modes is provided in Appendix
H.1, Perry Nuclear Power Plant Individual Plant Examination Containment Capacity
Analysis. This containment capacity analysis is fully discussed in section 4.4,
Containment and Dryvell Failure Characteristics. The failure modes which make
the largest contribution to the probability of failure (i.e., those with the
lovest strengths) are as follovs:

1) Several small/ intermediate size penetrations
2) Containment equipment hatch
3) Basemat anchorage of the cylinder containment shell

The most important failure modes identified in the containment capacity aaalysis
were the failure of the fuel transfer tube penetration and failure of the
containment shell anchorage in the basemat. The penetration failures are
characterized as being a leak type failure (nominal leakage area of 0.1 squarei

\ f mt er less) up to pressures of about 64 psig, and of rupture type (ncminal.
. mm area of between 0.1 and 7.0 square feet) for pressures in excess of E4>

as the failure of the containment shell anchorage vould involve iross'

;m tnd-th' opening of a gross rupture area (greater than 7 square SJet)..

~ n: eg.Ipment hatch and penetration coniainment failure modes are combined
t .xs '. tr. , since for these (relatively non-energetic) failure modes, the releases
art .ato the containment shield building annulus gas space above the annulus
concrete. The anchorage failure mode may be quite energetic with the failure
location below the suppression pool vater level and with the possibility of
significant gross movement of the containment shell accompanied by loss of

; suppression ' pool vater and/or dirruption of ECCS suction and injection lines
'

vhich penetrate the containment steel liner pressure boundary. Additionally,
failure of the anchorage vould result in flooding of the annulus with the
potential to flood the LPCS and hPCS pump rooms.

| For a Mark III containment, the possitility of hydrogen (deflagration and

j detonation) combustion occurring prior to reactor vessel failure with a
'

sufficiently high pressure to rail the containment (or dryvell) must be examined
for sequences where the hydrogen ignitors are either not available during
Station Blackout sequences, and for recovery of AC power sequences where the
plant emertacy instruction inhibits ignitor operation when the hydrogen
concentration cannot be determined. The human interaction, failure to initiate
the Hydrogen Ignition System, is included in sequences when AC power is
available. Very early hydrogen burns with sufficiently high intensities to

s_j, seriously challenge containment integrity are considered not credible for
sequences with the Hydrogen Ignition System (HIS) continually on based on test
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|

| Figure 4.5.2.2.2-1, Mode of containment Failure Before RPV Failure DET, shows

I the general characterization of this portion of the APET. This DET provides
I additional information regarding hydrogen combustion. The containment hydrogen

concentration is provided as a function of containment steam concentration and
fraction of zirecnium inventory reacted in-vessel. Also, this DET uses three

;

informational headings after the Large H2 Burn to shov the theoretical Adiabatic
Isochoric Complete Combustion Pressure, the Burn Efficiency Factor, and the
summary Expected Peak Burn Pressure.

1
'

1 The Mode of Ctatainment Failure Before RPV Failure is determined by APET events
| 24 and 25, which are dependent on the following Events in the Petry APET.
!

APET Event 16. Hydrogen Ignition System Available

Two Branches: Summary Branches: |

! 1) Hydrogen Ignition System Off HIS OFF
2) Hydrogen Ignition System On HIS ON !

l

! Vith the hydrogen ignition system in operation it is assumed that

I controlled hydrogen combustion vill preclude the build-up of hydrogen

concentrations whose combustion vould threaten containment integrity.

Since the hydrogen ignition system requires AC power, station blackout
results in loss of the ignitor system. Vhen AC power is available, the
human interaction, operator fails to initiate hydrogen ignition system, is

| modeled to evaluate this action which is initiated when the RPV vater levelI

decreases belov Level 1, 16.5 inches above the top of the active fuel.

APET Event 17. Containment Vent Isolated Before RPV Failure

Two Branches: Summary Branches:
|

| 1) Containment Vent Isolated Before RPV Failure ISOLATED

| 2) Containment Vent Not Isolated NOT ISOLATED

|
This event summarizes whether the containment vent path is isolated before

|
RPV f ailt re for SB0 sequences. The most likely mechanism for loss of

! isolation at the Perry plant is for the normally open Fuel Pool Cooling and
Cleanup (FPCC) vent path to fail to isolate following a station blackout.
The FPCC path is utilized in the Plant Emergency -,struction for

| containment venting. AC power is . quired to automatical1y isolate this,

! contcinment penetration. If both motor operated isolation valves fail to
close, manual isolation is estimated to be performed within 90 minutes.

|
This human interaction is modeled as operator fails to close FPCC Outboard

| Isolation - G41-F145.

APET Event 18. Mode Of RHR Spray Operation Early

Three Branches: Summary Branches:

1) Controlled Spray Operation CONTROLLED k
2) Normal Spray Operation DESIGN COOLING

1
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3) Sprays Not Available NO SPRAf

This event summarizes whether the RHR sprays are available for containment
heat removal when hydrogen combustion may occur. This event determines
when RHR spray is available from the Plant Damage State initial condition,
. containment heat removal with RHR Spray Loop, and further considers whether
offsite power is available.during SB0 sequences.

This event further allows for the assessment of a Plant Erergency
Instruction enhancement regarding controlled cooling spray operation.
Controlled cooling spray operation mode is directed at controlling the
containment spray cooling rate (by regulating the RHR heat exchanger bypass
flov and/or the RHR spray flov) such that the cont dnment atmosphere steam
concentration vould be optimally maintained during the absence of hydrogen
igniter operation to prevent or mitigate hydrogen deflagrations and
detonations. When containment pressure is above 30 psig, controlled spray
can- prevent . deflagrations .by maintaining the :ontainment steam
concentration above the steam inerting limit for hydrogen combustion (55
volume percent) and controlling containment pressure below the emergency-
procedure. pressure limit of 40 psig. When containment pressure is < 30
psig, controlled spray can mitigate the expected deflagration. burn
pressure. The controlled cooling spray operation mode is not evaluated in
the base case APET.

APET Event 19. Containment Steam Concentration Before RPV Failure

) Six Brancheet Summary Branches:

1) 0-15 Volume Percent Steam 0-15%
.2) 15-25 Volume Percent Steam 15-25%
3) 25-35-Volume Percent Steam 25-35%
4) '35-45 Volume Percent Steam 35-45%
5)- -45-55 Volume Percent Steam 45-55%

,6 ) > 55 Volume Percent Steam > 55%

d

This branch assesses the containment steam concentration during core damage

before RPV failure. The probability of hydrogen burn ignition and the
efficiency of the burn (considered in subsequent events) are dependent upon
the branch taken under this heading. The containment steam concentration
is a ' unction of the mode of spray operation, the sequence type, the time
of injection failure and whether the containment is intact at core damage.
The steam concentration regime probabilities used for. the various cases
are estimated using MAAP results for each case and considering the
variability of suppression pool temperature (since assuming a high initial
temperature may.be non-conservative for hydrogen combustion during SBO).

APET Event 20. Fraction Zirconium Inventory Reacted In-Vessel

Three Branchos: Summary Branches:.

.
-

1) 33% core Inventory Zirconium oxidized 33% '

>
- 2) 22% Core Inventory Zirconium 0xidier? 22%

;

3) 11% Core Inventory Zirconium 0xidizad 11%7
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The fraction of zirconium reacted in-vessel is used to determine the
concentration of hydrogen in containment during core damage before RPV
failure. Three discrete regimes are used to represent the range of

in-vessel zirconium oxidation. These regimes are representative of the
amounts estimated in the NUREG/CR-4551 Grand Gulf analysis (Prown 1990).
The Perry IPE fraction of zirconium inventory oxidized probabilities are

estimated using specific MAAP calculations for a spectrum of sequences
(considering local blockage and no enannel blockage).

APET Event 21. Small Burns At Lov H2 Concentration

Two Branches Summary Branches:

1) No Small burns occur NO SMALL BURNS

2) Small Burns occur SMALL BURNS

Burns which are ignited at lov hydrogen concentrations (< 8%) vill not
threaten the containment integrity. For sequences with the hydrogen
ignitors available it is assumed that the hydrogen vill always burn at low
concentrations or as diffusion flames. Furthermore, it is assumed that
once one burn has ignited that all subsequent burns (through the time of
vessc3 failuce) vill be small. This latter assumption, based on results

from Grand Gulf (Brosn - 1990), assumes that a burn vill ignite transient

combustibles in containment which vill serve ar an ignition source for
future burn events without the HIS operable. (Since the Perry containment
is maintained in accordance with a strict cleanliness stardard, the impact
of this transient combustible assumption is examined in the APET parameter
sensitivity apalysis in section 4.6.2.) For sequences without the HIS the
probability of igniting a small burn is a function of the sequence type
(i.e., SB0 or not SBO), the time of injection failure, and whether AC power
recovery occurs prior to RPV failure for SB0 sequences. In addition, a

etcam concentration in excess of 55 volume percent is assumed to inhibit
ign! tion of small burns.

APET Event 22. Large H2 Burn During Core Damage

Two Branches: Summary Branches.

1) No Large Burns Ignited NO BURN IGNITED

2) Large Burn Ignited LARGE BURN IGNITED

This event assesses whetner a large burn is ignited in tae containment
during core damage. Ignition of a large burn is assumed to be pr ecluded by
operation of the HIS, by ignition of a small burn or by a steam
concentration in excess of 55 volume percent. The probability of igniting

a large burn is a function of the containment steam concentration and
hydrogen concentration. In addition to evaltating the probability of

igniting a large burn this event sets the values of two EVNTRE parameters.
Parameter 1 is the peak containment pressure for the burn and Parameter 2
is the pre-existing pressure in containment prior to the burn. These

parameters are used in subsequent events .o estimate the probabilities of
conta: ament and dryvell failure given that a large burn has occurred. The

values of these parameters, like the ignition probability, are a function
of the containment steam and hydrogen concentrations.
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. . APET Event 23. Hydrogen Detonation Containment Failure Before RPV Failure

Two Branchest Summary Branches:

1) H2 Detonatior. Containment Failure DET CF

2) No Deto.tation Failure NO

Given that a large hydrogen burn is ignited, this event assesses the
probability the burn transitions to a detonation and the dutonation results
in containment failure. If a large burn was not ignited then a detonation

cannot occur. Based on Grand Gulf (Brown - 1990) it is assumed that the
containment is inert to detonations if the steam concentrations is above 35
volume percent or if the containment hydrogen concentration is less than 12
volume percent. The probability of a hydrogen burn failing containment is
a function of the containment hydrogen and steam concentrations, whether AC
power recovery occurs, and whether sprays are available.

APET Event 24. Containment Failure Before RPV Failure

Two Branches: Summary Branchest

1)' Containment Failure Before RPV Failure FAILURE

2) No. Containment Failure NO FAILURE

This. event assess whether containment failure occurs before core damage due
to gradual ateam overpressure or during core damage as a result of a'

hydrogen combustion. If the containment is failed at core damage, then
this is sorted as containment failure. If a hydrogen detonation
containment failure occurred, then this is sorted as containment failure.
If a large hydrogen burn occurred, then this event compares the expected
peak containment pressure for the burn (Parameter 1) vith the containment
fragility curve and determines the split fraction of containment failure.

APET Event 25. Mode of Containment Failure Before RPV Failure

Two Branches Summary Branches

1)- Anchorage Containment Failure ANCHORAGE

2) Penetration-Dome Containment Failure PENET-DOME /NO CF

or No Containment Failure

This event- determines- the probability of anchorage containment failure
given. containment failure due to gradual overpressure or deflagration, and
assigns- detonation containment failure sequences and no containment

.failv e sequence's to the second branch.

The IPE evaluation of containment failure modes analysis determined that-
two appropriate classifications of failure mode for the APET are: anchorage
and penetration. Since detonation failures are expected to result in

containment- shell failure in the upper containment dome, . ti.is suffix has
been added to the general penetration containment failure class./ }
Note that the above two categories of containment failure modes can be
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expanded into three containment failure modes (anchorage, penetration-dome, g
and no containment failure) by including the previous event, Containment W
Failure, in an evert case logic structure. Thus, APET Event 24
(Containment Failure Before RPV Failure) and Event 25 (Mode of Containment
Failure Before RPV Failure) are referenced as assessing the probability of
the possible modes of containment failure in the intr oduction of this
section.

For gradual steam overpressure containment failure before core damage, the
estimated conditional probability of 0.15 is assigned for anchorage
failure. All detonation failures are considered most likely to occur in
the dome region and are sorted to the penetration-dome or no containment
failure category. For sequences where the containment has failed by a
hydrogen burn the expected peak containment pressure from the burn is used
to estimate split fraction of anchorage failure. The individual fragility
curves for the dominant failure modes are used to determine the conditional
probabilities for each failure mode as a function of the failure pressure.

4.5.2.2.3 Injection & Spray Failure Due To Containment Failure
Before RPV Failure (APET Event 29)

This event assesses the probability that containment failure causes the loss of
all in-vessel injection and the failure of the RHR containment spray system for
sequences where hydrogen combustion and ATVS gradual steam overpressure occur.
The PDS Event Trees include the impact of gradual overpressure containment
failure on Late Injection for all event types except Critical ATVS.

OThe containment sprays represent an effective fission product mitigation feature
which can significantly limit atmospheric releases of radionuclides.
Containment sprays vill be particularly important for sequences where
suppression pool bypass has occurred, since the sprays then represent the only
remaining major engineered safety system which can significantly mitigate
radionuclide releases.

The mechanisms associated with containment failure which may cause failure of

in-vessel injection and/or the containment spray system include:

1) Movement of the containment shell and f ailure of in-vessel injection

lines at/near penetrations in the shell containment.

2) Release of hot containment gases and radiation into regions of the

auxiliary and intermediate buildings, or to outside the plant with

critical injection components which may impair equipment and prevent
operator access to align and maintain running equipment.

3) Loss of suppression pool vater (as result of anchorage failure).

Figure 4.5.2.2.3-1, Injection & Spray Failure Due To Containment Failure Before
RPV Failure DET shovs the general characterization of this portion of the APET.

The APET event, Injection & Spray Failure, is dependent on the following Events
in the Perry APET.

APET Event 26. Containment Failure Before RPV Failure
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.O Impact _on ECCS Itjection & Spray Piping
V

Two Branches: Summary Branches:

1) No Piping Failure NO FAILURE
2) Failure of ECCS Injection & Spray Piping FAILURE

This ~ event assesses the probability that either the dynamic forces or
movement of the containment which occur at containment failure are
sufficient to disrupt the injection and spray system piping. Disruption of

this piping is expected to be a serious threat for containment anchorage
failure.

APET Event 27. Containment Failure Before RPV Failure
Impact On ECCS Injection & RHR Spray Motors

Two Branches: Summary Branches

1) No Failure NO FAILURE
2) ECCS Injection & Spray Motor Failure FAILURE-

This event assesses the probability that leakage of water, steam or hot
gases from containment into the auxiliary building which occur at
containment failure cause failure of the injection and/or spray- system

motors.

APET Event 28. Containment Failure Before RPV Failure
Steam or Radiation Release
Impact On Firevater Injection

Two Branches: Summary Branches

1)_ No Failure _

NO FAILURE

2) Failure of Firevater Alternate Injection FAILURE

This event assesses the probability.that leakage of steam or radionuclides
from ' containment failure or containment venting into the plant or outside
the plant vill limit personnel access to the firevater system and result in
failure to perform required local manual actions to initiate, or to assure
continued operation-of firevater alternate injection.

APET Event 29. Injection & Spray Failure Due To Containment Failure
Before RPV Failure

Two Branches: Summary Branches:

'1)- Injection & RHR Spray Failure INJ & SPRAY FAILURE

2) No Failure NO FAILURE

Event 29 event summarizes the results of the prior three events in the
APET.

- 4.5.2.2.4 Dryvell Failure At/Near RPV Failure (APET Event 39)
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A number of possible mechanisms have been identified which may lead to dryvell
failure at the time of RPV failure. These include alpha mode steam explosion
failures (which by definition fail the dryvell and containment), in-vessel steam
explosions which fall the lover RPV head, overpressure failure of the pedestal
vall, ex-vessel steam explosion in the pedestal cavity, dryvell overpressure

failure, and a large hydrogen burn in containment.

Loss of dryvell integrity results in bypass of the suppression pool and removes
the suppression pool from the radionuclide release pathvay to the environment.

Figure 4.5.2.2.4-1, Dryvell Failure At/Near RPV Failure DET, shovs the general
characterization of this portion of the APET.

This APET event, Dryvell Failure At/Near RPV Failure, is dependent on the
following Events in the Perry APET.

APET Event 30. Alpha Mode Steam Explosion Dryvell and Containment Failure

Two Branches: Summary Branches:

1) Alpha Mode Failure ALPHA

2) No Alpha NO ALPHA

This event assesses the probability that an in-vessel steam explosion

occurs with aufficient energy to rupture the upper head of the RPV and
create a missile with sufficient energy to fail the dryvell and

containment. The probability of an in-vessel steam explosion being
triggered has been shown to be dependent on whether the RPV has been
depressurized.

APET Event 31. Mode of In-vessel Steam Explosion Bottom Head RPV Failure

Four Branches: Summary Branches:

1) Alpha Mode Failure ALPHA

2) No RPV Failure In-Vessel Steam Explosion NO FAILURE

3) Large Bottom Head Breach RPV Failure LARGE VF

4) Small Lover Head Breach RFV Failure SMALL VF

This event assesses the probebility that an in-vessel steam explosion
occurs with sufficient energy to rupture the lover head of the RPV. This
event further differentiates between large (2 square meters) and small (0.1
square meter) vessel failure sizes. As noted previously the probability of
an in-vessel steam explosion being triggered has been shown to be dependent
on the RPV pressure.

APET Event 32. RPV Failure Mode 6 Failure Size

Four Branches: Summary Branches:

ALPHA1) Alpha Mode Failure
2) No RFV Failure - Debris Cooled In-Vessel NO FAILURE

3) Large Bottom Head Breach RPV Failure LARGE VF

4) Small Lover Head Breach RPV Failure SMALL VF
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Given that the debris is not cooled in-vessel, and that the RPV has not
been previously failed by an alpha mode failure or by a steam explosion
f r.duced Icver head failure, this event determines the probability of large
(2. square-meters) and small (0.1 square meters) vessel failure sizes due
to thermal attach on the lover head.

APET Fvent 33. Vater in Pedestal at RPV Pailure

Four Branches Summary Branches:

1) Flooding + Continuing Injection FLD + INJ
2) Residual RPV Vater + Continuing Injection RPV + INJ
3) Flooding FLOODING

,

4) Residual RPV Vater Only RPV VATER

Vater in the teactor pedestal cavity at the time of RPV failure can impact
the accident progression in several ways. Vith vater in the pedestal
cavity there is an increased potential for steam explosions (or rapid steam
generation) which may threaten the integrity of the pedestal. Vater in the
cavity early also enhances the possibility that the debris vill be
cooleble.

The branch definitions are summarized above. Pedestal cavity flooding s

occurs as a' result of pressurization of the vetvell (such as by boiling of
the suppression pool or by a hydros;en burn), depression of the pool level
on the vetvell side of the suppression pool and overflov of the suppression
pool into the dryvell. Continuous injection to the pedestal cavity results
from the addition of injecticn to the vessel following vessel breach.
Residual RPV vater refers to the water remaining in the RPV which is
discharged from the RPV coincidentally (or following) expulsion of the core
debris in the lover RPV head.

APET Event 34. Pedestal failurc Due to Overpressure at RPV Failure

Two Branches: Summary Bianches:

1) Pedestal Failure Due to Overpressurization PEDESTAL FAIL

2) No Pedestal Failure NO FAILURE

Given that the debris is not cooled in-vessel, and Oat the RPV has not
been previously f ailed by an alpha mode f ailure, this event deter mines the
probability of overpressurization of the pedestal resulting from RPV
depressurization and quenching of the debris. Pedestal structural failure
vould occur ift 1) the RPV is pressurized and a large RPV breach size
occurs, -2) the RPV is pressurized and the pedestal cavity is flooded, and
3) the RPV is depressurized,'the pedestal cavity is flooded and a large <

RPV breach' size occurs.
,

-APET Event 35. Pedestal Cavity Steam Explosion

- Two Branches: Summary Branches:
,

1) Large Ex-vessel Steam Explosion STM EXPLOSION
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2) No Large Ex-vessel Steam Explosion NO FAILURE

This event assesses the probability of a large steam explosion occurring in
the pedestal cavity following vessel failure. For sequences where the
debris is cooled in-vessel and lover head failure does not occur, then an

ex-vessel steam explosion vill not occur. For sequences where an in-vessel
steam explosion has failed the vessel, it is assumed that a large ex-vessel
steam explosion cannot occur.

APET Event 36. Pedestal Failure Due To Steam Explosion

Two Branches Summary Branches:

1) Pedestal Failure Due to Steam Explosion PEDESTAL FAIL
2) No Pedestal Failure Due To Steam Explosion NO FAILURE

This event assesses the probability of a steam explosion failing the
pedestal. Tvo failure mechanisms are considered. If an in-vessel steam
explosion has caused a large breach in the lover reactor vessel head then
it is considered possible that a large missile could be created (from part
of the vessel lover head) which could cause failure in the pedestal vall.
The second failure mechanism involves a steam explosion in the lover
pedestal cavity which generates a shock wave which exceeds the impulse load
capacity of the pedestal vall.

APET Event 37. Dryvell Failure Due To Pedestal Failare

Two Branches: Summary Branches:

1) Dryvell Failure Due To Pedestal Failure DV FAILURE
2) No Dryvell Failure Due To Pedestal Failure NO FAILUEB

Given that pedestal failure has occurred this event assesses the
probability that pedestal failure causes loss of dryvell integrity.

APET Event 38. Dryvell Overpressure Failure at RIV Failure

Two Branebes: Summary Branches:

1) Dryvell Overpressure Failure DV FAILURE
2) No Dryvell Overpressure Failure NO FAILURE

This event assess the probability that dryvell overpressure failure vill

occur following RPV failure. In order for dryvell pressurization to

challenge dryvell integrity, the RFV must be at high pressure at vessel
failure.

APET Event 39. Dryvell Failure At/Near RFV Failure

Two Branches: Summary Branches:

1) Dryvell Failure DV FAILURE
2) No Dryvell Failure NO FAILURE
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(~') 1his summary event assesses the probability that dryvell failure vill occur
-

(/ following RPV failure. This' event considers dryvell failure resulting from
alpha mode steam explosions, pedestal failure and overpressure failure.

4.5.2.2.5 Mode of Containment Failure At/Near RPV Failure APET Events (44,45)

These events assess the probability of containment failure and the mode of
containment failure at or within an hour of reactor pressure vessel failure.

Containment failure at RPV failure can potentially result from a combination of
energetic processes and events which may occur at reactor vessel breach. These
processes and events include hydrogen combustion, and a large in-vessel steam
explosion causing an alpha mode containment failure.

For the Perry ATET, steam explosion induced (alpha mode) containment failures
are also considered to result in a catastrophic rupture of the containment. ,

Postulated alpha mode containment failures result from large coherent in-vessel
steam explosions which fail the reactor vessel and generate a missile (from part
of the reactor vessel upper head) with sufficient mass and energy to fail (the
dryvell and) containment. There is a substantial body of evidence to suggest
that in-vessel steam explosions do not represent a credible threat to early

containment failure (i.e., the probability of early containment failure from
in-vessel steam explosions is negligibly small). This opinion appears to be
shared .by the authors of Appendix 1 to Generic Letter 88-20. However, if this

event should occur, it can result in a large and early environmental
releases._ Therefore, this event is included in the Perry IPE APET.

( )- Experimental evidence and calculations have shown that steam explosions are
unlikely at elevated pressure; thetefore, the probability of an alpha mode
containment failure should be significantly less for high pressure sequences

i

than for low pressure sequences.

Figure 4.5.2.2.5-1,- Mode of Containment Failure At/Near RPV Failure DET, shows
the -general characterization of this portion of the APET. This DET provides
addition information regarding hydrogen combustion. The containment hydrogen
concentration is provided as a function of containment steam concentration and
fraction _of zirconium inventory reacted in-vessel. Following this, three

informational headings show the theoretical Adiabatic Isochoric Complete

Combustion Pressure, the Burn Efficiency Factor, and the summary Expected Peak
Burn Pressure.

The Mode of Containment Failure At/Near RPV Failure is determined by APET events'

i 44 and 45, which are dependent on the following Events in the Perry APET. ;

i

APET Event 40. Containment Steam Concentration At/Near RPV Failure

Six Branches: -Summary Branches:
i

1) 0-15 Volume Percent steam 0-15%

2) 15-25 Volume Percent Steam 15-25%

3) 25-35 Volume Percent steam 25-35%

4) 35-45 Volume Percent Steam 35-45%

f - 5) 45-55 Volume Percent steam 45-55%
- 6) > 55 Volume Percent Steam > 55%

.
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This branch assesses the containment steam concentration at or near RPV
failure. The containment steam concentration is a function of the mode of -
spray operation, the event type type, the time of injection failure and
whether the containment is intact at core danage.

APET Event 41. Fraction Zitconium Inventory Reacted At/Near RPV Failure

Three Branches: Summary Branches:

1) 33% Core Inventory Zirconium oxidized 33%

2) 22% Core Inventory Zirconium Oxidized 22%

3) 11% Core Inventory Zirconium oxidized 11%

The fraction of zirconium reacted in-vessel is used to determine the
concentration of hydrogen in containment at or near RPV failure. Three
discrete regimes are used to represent the range of in-vessel zirconium
oxidation. These regimes are representative of the amounts estimated in
the NUREG/CR-4551 Grand Gulf analysis (Brown 1990). The fraction of

zirconium oxidized probabilities are estimated using specific MAAP
calculations for a spectrum of sequences (considering local blockage and no
channel blockage).

APET Event 42. Hydrogen Ignition Sources Available at RPV Failure

Two Branches: Summary Branches:

1) No Hydrogen Ignition Sources NO IGN SOURCE
2) Hydrogen Ignition Sources Available IGNITION SOURCE

Vith a continuous ignition source available in containment (at the time of
RPV failure) it is assumed that controlled hydrogen combustion (or small
hydrogen burns) vill preclude the build-up of hydrogen concentrations vhose
combustion vould threaten containment integrity. A continuous ignition

source is atsumed to be available if the hydrogen ignition syst.em is
operating or if a burn in containment has already occurred during core
damage. In the latter situation it is assumed that the prior burn which
has occurred vill result in ignition of combustible materials in
containment which vill act as ignition sources. Additionally, this event

includes tha recovery human interaction to place the hydrogen ignition
system in service late.

APET Event 42. High Pressure Melt Ejection

Two Branches: Summary Branches:

1) High Pressure Melt Ejection Occuts HPME

2) No High Pressure Melt Ejection Occurs No HPME

This event assesses whether a high pressure melt ejection occurs from the
reactor pedestal cavity following vessel failure. For HPME to occur the
RPV pressure must be elevated (above several hundred psi) at the time of
vessel failure. HPME involves the entrainment and fragmentation of the
debris in the pedestal cavity and transport of the debris throughout the
dryvell. If the dryvell has failed then an HPME event can provide an

t
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. ~' ) ignition source for hydrogen in the containment.'f
v

APET Event 43. Large Hydrogen Burn At/Near RPV Failure

Two Branches: Summary Branches:

1) No Large Hydrogen Burn Ignited NO LRG BURN IGN
2) Large Hydrogen Burn Ignited LG BURN IGN

This event assess whether a large hydrogen burn is ignited in containment
following RPV failure. If a continuous ignition source is available, then
a -large hydrogen burn is assumed to be prevented. Also if the steam
concentration is above 55%, then the containment atmosphere is inert to

hydrogen burns. The probability that a hydrogen burn is ignited is a
function of the following parameters: containment steam concentration,

containment hydrogen concentration (which is dependent on the fraction of
zirconium reacted), _ Dryvell f ailure, High Pressure Melt Ejection, and AC
Power Recovery.

Forty eight cases (various combinations of the parameters listed above vere
identified to perform the quantification). In addition to assessing the
probability of ignit an this event also sets two EVNTRE parameter values
which are used by subsequent events: peak hydrogen burn pressure (parameter
2) and containment base pressure prior to the burn (parameter 4).

if g APET Event 45. Hydrogen Detonation Containment Failure At/Near RPV Failure

(5') Summary Branches:Two Branches:

L 1) Detonation Containment Failure DET CF

2) No Containment Failure NO

Given that a large burn was ignited in containment following RPV failure
this event assesses whether the burn transitioned to a detonation and
whether- containment failure resulted from the detonation impulse loading.
If no large burn was ignited or if the containment atmosphere was inert to

detonations (> 35% steam concentration) then no detonation was assumeo to'

The probability of a hydrogen detonation occurring is taken to be aoccur.
function of the steam concentration, the hydrogen concentration, whether
power recovery occurs and whether sprays are initiated during this time
period.

APET Event 46. Containment Failure At/Near RPV Failure

Two Branches: Summary Branches:

1) Containment Failure FAILURE
;

| 2) No Containment Failure NO FAILURE

This event assesses whether containment failure occurs following RPV

|
failure as a result of a hydrogen burn or alpha mode steam explosion. If a;

hydrogen detonation has occurred which fails the containment then
; _-

s - containment failure has occurred. If a large hydrogen burn was ignited'

then this event compares the peak containment pressure for the burn

!

i
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(Parameter 2) with the containment fragility curve and determines the
probability of containment failure.

APET Event 47. Mode of Containment Failure At/Near RPV Failure

Two Branches: Summary Branches:

1) Anchorage Containment Failure ANCHORAGE

2) Penetration-Dome Containment Failure PENET-DOME /NO CF
or No Containment Failure

This event determines the probability of anchorage containment failure
given containment failure due to hydrogen deflagration, and assigns alpha
mode and detor.ation failure sequences and no containment failure sequences

_

to the second branch. For sequences where the containment has failed by a
hydrogen burn the peak containment pressure from the burn is used to

estimate the probability of anchorage failure. The individual fragility
curves for the dominant failure modes are used to determine the conditional
probabilities for each failure mode as a function of the failure pressure.

4.5.2.2.6 Pool Bypass Before/Near RPV Failure (APET Event 49)

Fission product scrubbing in the suppression pool is an effective fission
product mitigation mechanism. However, if the release pathway bypasses the
suppression pool this mechanism is not effective. Pool bypass may result from a
number of causes. These include: 1) structural failure of the dryvell, 2)
Dryvell vacuum breaker failure, 3) loss of suppression pool vater below the
level of the horizontal vents or the SRV quenchers, and 4) other failure
processes.

Dryvell structural failure may result from transient over-pressurization of the
dryvell or vetvell resulting in a sufficiently harb dryvell/vetvell differential
pressure to cause failure of the dryvell head, ceiling or valls. Failure of
Dryvell vacuum breaker may occur during hydrogen combustion. Loss of
suppression pool vater may result from containment anchocage failure in the pool
region.

Figure 4.5.2.2.6-1, Pool Bypass Before/Near RPV Failure DET, shows the general
characterization of this portion of the APET.

This APET event, Pool Bypass Before/Near RPV Failure, is dependent on the
following Events in the Perry APET.

APET Event 48. Dryvell Failure Due to Containment Hydrogen Burn
Before/Near RPV Failure

Two Branches: Summary Branches:

1) Dryvell Failure Due To Hydrogen Burn DRYWELL FAILURE
2) No Dryvell Failure NO DV FAILURE

Given that a large hydrogen burn has occurred during core damage or at RPV
failure this event assesses whether dryvell failure results from excessive
differential pressure across the dryvell boundary. For cases where a large
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-(''l, hydrogen burn has occurred two parameters have been set.vhich give the peak
~

\~/ ~ burn pressure in containment during the burn and the containment pressure
prior to the burn. It is assumed that the idryvell pressure remains
constant .during the burn in containment. Given the value of these two
parameters the peak dryvell differential pressure is calculated and
compared against-the dryvell fragility curve in a user function to estimate
the probability of dryvell structural failure.

APET Event 49. Pool Bypass Before/Near RPV Failure

Two Branches: Summary Branches

1) Pool Bypass POOL BYPASS

2) No Pool Bypass NO 100L BYPASS

This event assess the probability that pool bypass vill occur prior to, or
at, RPV failure. This event considers pool bypass resulting from dryvell
failure resulting from processes occurring within the dryvell structure,-
dryvell failure form hydrogen combustion in the containment, pool _ bypass
-due to containment _ anchorage failure, dryvell vacuum breaker failure due to
-large hydrogen burns,.and other bypass failures.

4.5.2.2.7 Inject & Spray Failure Due To Containment Failure
At/Near RPV Failure (APET Event 53)

- This event assesses the probability that containment failure causes the loss _of
all in-vessel injection (assuming in-vessel injection has not previously failed)3
and failure of the RHR _ containment spray system. The containment sprays

represent an effective fission product mitigation feature which -can
significantly limit atmospheric releases of radionuclides. Containment sprays
vill be particularly important for sequences where suppression pool bypass has
occurred, since the sprays then represent the only remaining major engineered
safety system which can significantly mitigate radionuclide releases.

The mechanisms ascociated-vith containment failure at/near RPV failure which may
cause failure of in-vessel injection and/or the containment spray system are
the same as those discussed above in section 4.5.2.2.3, Injection & Spray

Failure Due To Containment Failure Before RPV Failure.

Figure 4.5.2.2.7-1, Injection & Spray Failure Due To Containment Failure At/Near
.RPV Failure DET, shows-the general characterization of this portion of the APET.

This APET event, Injection & Spray Failure Due To Containment Failure At/Near
RPV Failure, is dependent on the following Events in the Perry APET.

APET Event 50. Containment Failure At/Near RPV Failure
Impact On ECCS Injection And Spray Piping

Two Branches: Summary Branches:

1) No Piping Failure .

NO FAILURE

( }_
2)_ Failure of ECCS Injection & Spray Piping FAILURE

This event assesses the probability that either the dynamic forces or
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movement of the containment which occur at containment failure are
sufficient to disrupt the injectica and spray system piping. Disruption of
this piping is expected to be . serious threat for containment anchorage

failure.

APET Event 51. Containment Failure At/Near RPV Failure
Impact On ECCS Injection and Spray Motors

Two Branches Summary Branches:

1) No Motor Failure NO FAILURE
2) ECCE Injection and Spray Motor Failure FAILURE

This event assesses the probability that leakage of vater, steam or hot
Igases from containment into the auxiliary building which occur at

containment failure cause failure of the injection and/or spray system
moto:s and related components.

APET Event 52. Containment Failure At/Near RPV Failure
Steam and Radiation Impact on Firevater Injection

Two Branches: Summary Branches:

1) No Failure NO FAILURE
2) Failure of Firevater Alternate Injection FAILURE

personnelaccess|hof radionuclides fromThis event assesses the probability that leakage
containrent into the plant or outside the plant vill limit
to the firevater system and result in failure to perform required local
manual actions to initiate, or to assure continued operation of the
firevater alternate injection.

APET Event 53. Injection & Spray Failure Due To Containment Failure
Beforei" ear RPV Failure

Two Branches: Summary Branches:

1) No Injection & Spray System Failure NO FAILURE
2) Injection Or Spray System Failure FAILURE

Event 53 event summarizes the results of the prior three events in the

APET.

4.5.4.8 Pedestal Failure Due To Core Debris Concrete Interaction
(APET Event 55)

This event assesses whether pedestal failure occurs as a result of sidevards
core concrete attack in the pedestal cavity eroding the pedestal vall to a
sufficient depth that the structural integrity of the pedestal vall is

compromised. Failure of the pedestal vall may result in loss of support to the
RPV and result in gross motion of the RPV. This motion may result in damage to

the dryvell or to containment penetrations.

The amount of radial erosion vill be a function of the type and extent of core
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I~'\ concrete attack that occurs, the ratio of radial to dovnvards concrete attack
A lL and the failure depth for the pedestal vall.s

Figure 4.5.2.2.8-1, Pedestal Failure Due To Core Concrete Interaction DET, shovs
the general characterization of this portion of the APET.

This APET event, Pedestal Failure Due To Core Concrete Interaction, is dependent
on the following Events in the Perry APET.

APET Event 54. Type of Core Debris Concrete Interaction

Four Branches:- Summary Branches:

1) CCI In A Dry Pedestal Cavity DRY-CCI
2) Rapid CCI Vith an Overlying Vater Layer FAST-VET
3) Slov CCI Vith an overlying Vater Layer SLOV-VET

4) NO CCI Vith Debris Cooled NO-CCI

This event determines the probability of various types of CCI which may
occur in the pedestal cavity following RPV failure. If no vater is in the
pedestal cavity prior to RPV failure and vater is not supplied following
RPV- failure then dry CCI will occur. If a small amount of water is in the
pedestal cavity prior to RPV failure but a continuing supply of water is
not available then the debris / concrete attack may be delayed until the
water pool is boiled away. (This case has been conservatively combined
vith- DRY CCI). For cases where a large pool of. vater has entered the

O, -dryvell prior to -RPV failure or where a continuous supply of water is
available to the pedestal following vessel failure then a pool of water
vill cover the debris. Depending upon the surface area of the debris, the
debris particle size and the effective upward heat transfer rate the debris
may be cooled or CCI may occur. The last three branches assess-the rate-of
CCI given a debris pool which is-covered by vater. The probabilities for
the types of CCl vere estimated using MAAP for a series of cases.

APET Event 55. Pedestal Failure Due to Core Dobris Concrete Interaction

-Three Branches: Summary Branches:

1) Pedestal Failure At RPV Failure VESSEL BREACH

2) Pedestal Failure After RPV Failure AFTER VB

3) No Pedestal Failure NO FAILURE-

Given a type of CCI determined in the previous event, this event a:sesses
whether pedestal structural tailure from CCI radial erosion of the pedestal
vall vill-occur.

4.5.2.2.9 , Mode Of Late Burn And Overpressure Containment Failure
(APET Events 64,65,66)

These events assess the probability (and mode) for containment failures which
occur late in the accident sequences. These events assess containment failures
resulting from hydrogen combustion and detonation and from gradual

\- - overpressurization due to steam and non-condensible gas production.

Page 4-37

--- -



| Figure 4.5.2.2.9-1, Mode of Late Burn & Overpressure Containment Failure DET, &
shovs the general characterization of this portion of the APET. This DET T
provides addition information regarding the Expected Peak Burn Pressure during

| hydrogen combustion.
|

| The Mode of Late Burn & Overpressure Containment Failure is determined by APET
1 events 64, 65 and 66; which are dependent on the folloving Events in the Perry

APET.
!

| This event is dependent on the following Events in the Perry APET.

APET Event 56. Mode Of RHR Spray Operation Late
|

Three Branches: Summary Branches:

1) Controlled Spray Operation CONTROLLED

2) Normal Spray Operation DESIGN COOLING

3) Sprays Not Available NO SDRAY

.

This event assesses whether the RHR sprays are available for containment
| heat removal when hydrogen combustion may occur late in the accident
| sequence. This event determines when RHR spray is available from the Plant

Damage State initial condition, containment heat removal with RHR J rr.y

loop, and further considers whether offsite power is available during 580

| sequences. It further allows for the assessment of a Plant Emergency
Instruction enhancement for controlled cooling spray operation previously'

|h| discussed in APET Event 10.

APET Event 57. Hydrogen Ignition Sources Available Late

Two Branches: Summary Branches:

1) No Hydrogen Ignition Sources NO SOURCE

2) Hydrogen Ignition Sources Available IGN SOURCE

Vith a continuous ignition source available in containment it is assumed
that controlled hydrogen combustion (or small hydrogen burns) vill preclude
the build-up of hydrogen concentrations whose combustion would threaten
containment integrity. A continuous ignition source is assumed to be
available if the hydrogen ignition system is operating. Since there may
have been a substantial time period betveen RPV failure and the time when
late combustion may occur, earlier burns are not considered to provide a

reliable ignition source for late burns (and thus ensure that only small
burns vould occur late).

|
APET Event 58. Containment Steam Concentration Late

Six Branches: Summary Branches:

1) 0-15 Volume Percent Steam 0-15%

2) 15-25 Volume Percent Steam 15-25%

3) 25-35 Volume Percent Steam 25-35%

4) 35-45 Volume Percent steam 35-45%

5) 45-55 Volume Percent steam 45-55%
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- f 6) > 55 Volume Percent steam > 55%

This branch assesses the containment steam concentration late in the
accident. The probability of hydrogen burn ignition and the efficiency of
the burn are dependent upon the branch taken under this heading. The
containment steam concentration is a funct$on of the mode of spray
operation, the sequence type, the time of injection failure and whether the
containment is intact at core damage. The steam concentration regimes
probabilities for the-various cases are estimated using MAAP results for
each case.

APET Event 59. Hydrogen Combustion Before/At RPV Failure

Two Branches: Summary Branches:

1) Early Burn Before/At RPV Failure EARLY BURN'

2) No Early Burn NO EARLY BURN

This event summarizes whether an earlier burn in containment has occurred.
This information is used to assess the late hydrogen concentration in
containment.

APET Event 60. Containment Effective Hydrogen Concentration Late
'

Six Branches Summary Branches:

( 1) < 4 Volume Percent 'dydrogen < 4%

2) 4- 8 Volume Percent Hydrogen 4- 8%
3) 8-12_ Volume Percent Hydrogen 8-12%
4) 12-16 Volume Percent Hydrogen 12-16%
5) 16-20 Volume Percent Hydrogen 16-20%
6) > 20 Volume Percent Hydrogen > 20%

This branch _ assesses the ccatainment effective hydrogen concentration late
in the accident sequenco (which includes the carbon monoxide produced
during CCI). The probability of hydrogen-burn ignition and the efficiency
of the burn are dependent upon the branch taken under this heading. The

containment hydrogen concentration is a function of the mode of CCI, and
whether a hydrogen burn occurred early in- the sequence. The hydrogen
concentration probabilities were estimated using MAAP calculations for a
spectrum of sequences (considering local blockage and-no channel blockage).

APET Event 61. AC Power Available Late

Two Branches: Summary Branches:

1) AC Power Available Late AC LATE

2) No AC Power Available Late NO AC LATE

This event summarizes whether AC power is available late in the sequence.
AC power vill be available late if AC power was never lost or if AC power

l') vas- initially lost but was recovered. This information is used to assess
the potential for hydrogen ignition late in the sequence.-

d
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APET Event 62. Large Hydrogen Burn Late

Two Branches: Summary Branches

1) No Large Hydrogen Burn Ignited No BURN

2) Large flydrogen Burn lgnited LARGE BURN

This event assess whether a large hydrogen burn is ignited in containment
late in the accident sequence. If a continuous ignition source is

available, then a large hydrogen burn is assumed to be prevented. Also if
the steam concentration is above 55% then the containment atmosphere is
inert to hydrogen burns. The probability that a large hydrogen burn is
ignited is a function of the following parameters: containment steam
concentration, containment hydrogen concentration, and AC power

availabillh.

Fifty four cases (various combinations of the parameters listed above vere
identified to perform the quantification). In addition to assessing the

probability of ignition this event also sets two EVNrRE parameter values
which are used by subsequent events; peak hydrogen burn pressure (parameter
5) and containment base pressure prior to the burn (parameter 6).

APET Event 63. Hydrogen Detonation Late Containment Failure

Two Branches: Summary Branches:

3) Hydrogen Detonation Containment Failure DET CF

2) No Failure NO

|
| Given that a large burn was ignited in containment late in the sequence

! this event assesses whether the burn transitioned to a detonation and
whether containment failure resulted from the detonation impulse loading.
If no large burn was ignited or if the containment atmosphere was inert to

detonations (> 35% steam concentration) then no detonation was assumed to
The probability of a hydrogen detonation occurring is taken to be aoccur.

function of the steam concentration, the effective hydrogen concentration,
whether AC power recovery occurs, and whether sprays are available.

| APET Event 64. Hydrogen Burn Late Containment Failure

Two Branches: Summary Branches:

1) Containment Failure Due to Late Hydroger. Burn FAILURE

2) No Containment Failure NO FAILURE

This event assesses whether containment failure occurs late as a result of
a hydrogen burn. If a hydrogen detonation containment failure occurred
then this is sorted as containment failure. If a large hydrogen burn was
ignited then this event compares the peak containment pressure for the burn

| (Parameter 5) vith the containment fragility curve and determines the

probability of containment failure.

APET Event 65. Containment Status At Accident Progression Completion
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Four Branches:- Summary Branches: |

-&_
1) Early Containment Failure EARLY CF

-2)- Late Overpress:ure Failure LATE CF
3) Containment Vent _ VENT

4) No Containment Failure NO CF
(i.e., no containment failure or vent)

This event. assesses whether containment failure occurs late in the sequence
progression _due gradual overpressurization from steam and non-condensible|=

gas gen.eration. This event also assess whether the containment is vented
to prevent overpressure failure. The event pathway probabilities are a

~

function of whether containment failure has already occurred earlier in the
accident, whether containment heat removal is available, whether the pool
is bypasses, whether the containment is vented, and the event type.

APET Event 66. Mode of Late Hydrogen and Overpressure Containment Failure

Two Branches: Summary Branches:

1) Anchorage Contairment Failure
.

ANCHORAGE

2) Fenetration-Dome Containment Failure PENET-DOM /h5 CF
or No Containment Failute

This event determines the probability of anchorage containment failure
.-- given containment failure due to late overpressure or deflagration,-and-

assigns detonation containment failure sequences and no containment failure
t
:'

'

sequences to the second branch. For late gradt.al steam overprescure
containment failure, the estimated conditionally probability of 0.15 is
assigned for anchorage failure. All detonation failures- are considered
most. likely to occur in the dome region and are sorted to the

. penetration-dome- or no containment failure category. For sequences where
the- containment has failed by a late burn the expected peak containment
pressure from the burn is used to ' estimate the probability of anchorage
failure.

APET Event _ 64 (Hydrogen Burn Late Containment Failure),tAPET Event 65
(Containment Status At Accident Progression Completion) and APET 66 (Mode
Of Late Hydrogen & Overpressure Containment Failure) can be referenced by
the EVNTRE binner to determine the probability of the possible modes of
containment failure, as indicated in the introduction of this section.

4.5.2.2.10 Pool Bypass Late (APET Event 68)

Fission product' scrubbing in the suppression pool is an effective fission
product mitigation mechanism unless_the suppression pool is saturated. However,
-if the release pathvay bypasses the suppression pool this mechanism is not
--effective. Pool bypass may result from a number of causes. These include: 1)
structural failure of the dryvell, 2) dryvell vacuum breaker failure, 3)
excessive leakage through dryvell penetrations, and 4) loss of suppression pool,

vater below the level of the horizontal vents or the SRV queneners.

b Dryvell structural failure may result from transient over-pressurization of the
dryvell or vetvell resulting in a sufficiently high dryvell/vetvell differential
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pressure to cause failure of the dryvell head, ceiling or valls. Failure the
dryvell vacuum breakers may occur due to hydrogen burns. Loss of suppression
pool vater msy result from containment anchorage failure. Dry CCI leads to high
dryvell temperature and failure of the dryvell penetrations.

Figure 4.5.2.2.10-1, Late Pool Bypass DET, shows the general characterization of
this portion of the APET.

This APET event, Late Pool Bypass, is dependent on the following Events in the

Perry APET.

This event is dependent on the following Events in the Perry APET.

APET Event 67. Dryvell Failure Due To Late Hydrogen Burn In Containment
-

Two Branches: Summary Branches:

1) Dryvell Failure Due To Late Hydrogen Burn DV FA1 LURE
2) No Dryvell Failure NO FAILURE

Given that a large hydrogen burn has occurred late in the sequence this
event assesses whether dryvell failure results from excessive differential
pressure across the dryvell boundary. For cases where a large hydrogen
burn has occurred two parameters have been set which give the peak burn
pressure in containment during the burn and the containment pressure prior
to the burn. It is assumed that the dryvell pressure remains constant
during the burn in containment. Given the value of these two parameters
the peak dryvell differential pressure is calculated and compared against
the dryvell fragility curve in a user function to estimate the probability
of dryvell structural failure.

APET Event 68. Pool Bypass Late

Two Branches: Summary Branches:
'

1) Late Pool Bypass LATE POOL BYP
2) No Late Bypass NO LATE BYPASS

This event assess the probability that pool bypass vill occur late in the
accident sequence. This event considers pool bypass resulting from:
dryvell failure from late hydrogen combustion in the containment,

containment anchorage failure, pedestal failure caused by core concrete
interaction pedestal erosion, dryvell penetration failures associated with
high temperature duri'ng dry CCI. dryvell vacuum breaker failures due to

large hydrogen burns, and other failure processes.

4.5.3 APET Ouantification

The Accident Progression Event Tree summary results for the Perry Mark III

containment performance are: no containment failure - represents a 39%
conditional probability given core damage and a frequency of 5.0 x 10 ,

containment venting - represents a 291 conditional probabilityandafrequency|h10~ ' , and containment structural failure - represents a 32%of 3.7 x
conditional probability and a frequency of 4.0 x 10 A su.mmary of the.

_
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- quantified' APET results for all sequences is prcr.'ided in Table 4.5.3-1, APET

Base Case Besults.

Table 4.5.3-1 presents the containment failure modes in the format of the
NUREG/CR-4551 Grand Gulf evaluation (Brown 1990). When the core debris is
cooled in-vessel no RPV failure occurs and three modes of containment failure
are snown: no containment failure, vent and containment (structural) failure. ,

When the core is not cooled in-vessel RPV failure occurs and seven modes of
,

contair. ment failure are shown: no containment failure, vent, late containment ;

(structural) failure, early containment failure with no pool bypass, early '

'

containment failure with late pool bypass, early containment failure with early
pool bypass and containment spray, and early containment failure with early pool
bypass and no containment spray. The containment failure frequency is the '

combination of both' containment structural failure frequency and venting
5frequency (and includes both in-vessel cooling and no in-vessel cooling

sequences). Early containment failure with pool bypass is the combination of
early. containment failure with: late pool bypass, early pool bypass with
containment spray, and early pool bypass with no containment spray. The
conditional probability estimates of the detailed failure modes evalue. tion are:
50.8% - in-vessel cooling and no RPV failure; and the balance of the sequences
with RPV failure (49.2%) is composed of: 12.4% - no containment failure, 10% -

late containment failure, 3.4% - earlyventing with a damaged core, 7.4% ~

containment failure with no pool bypass, and 16.1% containment failure with pool
L

bypass.

Detailed APET base case quantification results for all sequences are provided in

O Appendix H.4, PNPP IPE APET Program Frequency Output File.r

Table 4.5.3-2, APET Containment Performance Base Case Results For Dominant PDS
Grcups, shows the ranked results of the 16 plant damage states that contribute,

'

95% of the total containment failure probability. The containment performance ,

. results are shown in the same format as that described above. In addition, the
'

containment- failure and venting composite identifies the probability of
structural containment failure in the penetration or anchorage mode, as well as
the probability of venting. The containment iailure and venting composite
probabilities when summed equal the- total failure and venting probability for
each plant damage sequence and for All PDS sequences (which is listed last in
this table). The All PDS sequences results show the following-conditional
probabilities for the containment structural failure modes: 26.7% - penetration
failures, and 5.0% - containment anchorage failures.

4.5.3.1 Containment Failure And Dominant PDS Groups .

The -APET Containment Performance Basa Case Results for each of the 16 dominant
Plant Damage State groups representing 95% of the total containment failure are ,

shown in Table 4.5.3-2. The individual core damage sequences centributing above
core damage listed with the dominant containment f:nlure PDS groups in Table

L
1%

4.5.3-3.j
I

Sixteen PDS groups represent 95% of the core damage frequency. The two most
dominant PDS groups are 56 and 73 uhich represent 60% of the total containment
failure frequency. A general discussion of these two PDS groups is providedO below.
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PDS group 56, represents Non-SBO sequences with the Containment Intact At Core
Damage and successful Containment Heat Removal With the Vent, Late Injection,

and RPV Depressurization During Core Damage. PDS group 56 represents 43.9% of
the total combined containment failute and venting frequency. PDS group 56 has
an early containment failure percentage of 1% and a venting percentage of 99%.
RPV Failure and Early Containment Failure with Early Bypass is estimated to
occur 1% of the time for sequences in this plant damage state. PDS group 56 has
6 dominant sequences above 1% of the core damage frequency. The most dominant ,

sequence (9% CDP) is a Flood in Zone 13B with failure of all injection. The
second sequence (6% CDF) is a Loss Of Instrument Air with Loss of all injection.
The third sequence (3% CDF) is a Station Blackout sequence with successful
recovery of offsite power before core uncovery and subsequent loss of all
injection. The fourth sequence (2% CDF) is a Flood in Zone FlD with loss of all
injectien. The remaining two sequences (1.6% CDF each) are a Large LOCA and

~

LOOP with failure of injection.

PDS group 73, reoresents the OTHERS sequences (i.e. , other than Critical AWS or
LCOP & SBO) with Containment Failed At Core Damage, unsuccessful Late Injection,
and successful RPV Depressurization During Core Damage. PDS group 73 represents
16% of the total combined containmert failure and venting frequency. RPV
Failure and Early Containment Failure with Pool Bypass are predicted for all
plant damage state sequences (with 16% early pool bypass and 84% late pool
bypass). Early Pool Bypass is associated with the containment anchorage failure
mode which results in suppression pool loss. Late Pool Bypass occurs due to the'

high drywell temperatures which challenge the drywell penetration seals and
result in suppression pool bypass. PDS group 73 has jus *. 1 dominant core damage
sequence (8% CDF), Loss of PCS and failure of conta nment heat removal with
subsequent failure of all late injection.

Half of the 16 dominant containment failure PDS groups are in the general
categcry of containmer.'. f ailed at core damage. These are PDS groups: 73, 71,

65, 67, 69, 63, 66 and 70 (which are ranked 2, 4, 5, 6, 7, 8, 11 and 16) .

'Inese groups contribute a total containment failure frequency of 2.9 x10-' or
~

'

37% of the total containment failure and venting frequency. Critical AWS
contributes 7.3% of the total containment failure and venting frequency with the
3 dominant PDS groups: 65, 63 and 66. Loop & SBO contributes 7.1% of the

containment failure frequency with the 3 dominant PDS groups: 67, 69 and 70.

OWERS contributes 23% of the total containment tailure and venting frequency'

with the PDS groups: 71 and 73.

Station Blackout containment failure is represented by three dominant PDS
groups: 25, 36 and 9 (which are ranked 9, 10 and 12). These 3 SBO PDS groups
represent 2.6% containment structural failure and 1.31 containment venting which
is 3.9% of the total containment failure and venting fteauency. These 3
dominate SBO groups represent 3.2% of the core damage frequency.

All Station Blackout PDS grot , represent 9.01 of the total core damage

frequency. All the Station Blackout PDS sequences contribute 7.9% of the total
containment failure and venting frequen g. The total Station Blackout
containment structural failure frequency is 6.0 x 10" , which represents 4.7% of
the total containment failure and venting frequency.

The containment structural failure conditional probability of 31.7% has
contributors from the following PDS grcuping categories: 22.8% - where the
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/l: containmerit is-failed -at core damage (4.4% - from Critical A'IWS PDS groups,
V _4.3% - from WOP & SBO PDS groups, and 14%. - from the other remaining PDS

groups), .and_.-B.9% - where the containment is intact at core damage and failure
later (4.7% - from SBO PDS groups, and 4.2% - from other PDS groups withoccurs

AC power available).

4.6' ACCIDENT PROGRESSION-

4.6.1 Summary of Sequences Analyzed

To' support the development and quantification of the Accident Progression Event
_ APET) an assessment of the physical progression of a spectrum of accident(Tree

sequences was performed using the NAP 3.0B code. 'Ihis effort provided

information regarding: the timing of key events, containment loads, debris
relocation and cooling, mitigation effectiveness of injection systems, the
generation and combustion of hydrogen and carbon monoxide, and core cacrete
interaction in the pedestal cavity. Over 200 MAAP computer runs sur Jrt the
-assessment of accident progression.

The Perry accident progression analyses scope inchded the performance of all
the recommended sensitivities applicable to a Mark !II containment as described
in- the " Recommended Sensitivity Analyses For An Individual Plant Examination
Using -MAAP 3.0B" (EPRI 1990). This sensitivity _ evaluation scope included: the
coefficient -for. critical heat flux used in debris coolability (FCHF),

containment failure area (AOVPR), the impact of core geometry on cladding
-

oxidation (FCRDLK), delayed hydrogen combustion 'DXHIG), and diffusion flame
( modeling during hydrogen ignitor operation (FLPHI). The ?%AP cladding oxidation

(FCRBLK) rensitivity key results for Station Blackout sequences without the ,'

hydrogen ignition system available are provided in Tables 4.6.1-1 and 4.6.1-2.
_ recommended sensitivities and the IPE insights gained guided theThe EPRI_

accident progression assessment and the development of the APET.

To derive the release fractions for the various source term categories, the
Back-End Analysis also used tLe MAAP 3.0B code. The eleven source term MAAP
runs are discussed in section 4.7.3.

4.6.2 APET Sensitivity Analysis

A' sensitivity analysis was performed to identify significant contributors to
containment performance in the quantification of the APET. The sensitivity
analysis benchmarked the APET sensitivity results to the containment performance
characteristics _ of: No RPV Failure, Containment Integrity (No Failure, Vent,
Failure), and- No Pool Bypass. The following subsections summarize the
sensitivity analysis of 14 APET parameters of which the first 13 are related to
accident progression phenomena, and the last is the human interaction, failure
Q initiate the hydrogen ignition system.

The- results of the APET sensitivity analysis determined the the following APET
parameters are significant: (1) assured in-vessel debris cooling would increase
-No RPV Failure with a 34% change, and (2) in-vessel steam explosion bottom

head failure estimated with the Grand Gulf NUREG/CR-4551 (Brown 1990)
__ probabilities decrease No RPV Failure with a 58% change and decrease No Pool

. Bypass with a 10% change. The significt't sensitivity impact of in-vessel
debris cooling is realized and will be fut examined by the industry duringv
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accident management using MAAP 4.0. The significant sensitivity impact of
in-vessel steam explosion bottom head failure demonstrates the profound effect
of variations in the estimate of this phenomena which is not well understood.

4.6.2.1 APET Event 13. RPV Depressurized During Core Damage

The impact of increased RPV depressurization was measured by setting the
probability of successful depressurization to 1. The measured sensitivity

changes on the four benchmark parameters described in 4.6.2 were on the order of
1 percent change, demonstrating that the current RPV Depressurization capability
is sufficient.

4.6.2.2 APET Event 15. Debris cooled In-vessel

The impact of in-vessel recovery was measured by setting the probability of
cooling the debris in-vessel to 1 and 0 (given the recovery of low pressure
injection before core plate failure). The sensitivity results of assured
in-vessel coolability show that No RPV Failure sould increase with a 34% change,

l and No Pool Bypass Ould increase with a 6% change. The sensitivity results of
no in-vessel coolability show that No RPV Failure would decrease with a 100%
change and No Pool Bypass would decrease with a 16% change.

4.6.2.3 APET Event 18 and 56. Mode of RHR Spray Operation

The impact of controlled cooling spray operation was measured by changing the
assignment of RHR (Design) Spray to Controlled (Spray). The sensitivity results
show a 2% decrease in No Containment Failure and an increase of 2.5% in

| Containment Structural Failure. The increase in Containment Failure was not,

anticipated from the perspective of engineering judgment and examination of the
sequences, where this enhancement should be effective, found the APET modelSBO

to be simplistic. Additional APET modeling to evaluate controlled RHR spray
cooling during SBO recovery with hydrogen generation should be considered during
Accident Management.

4.6.2.4 APET Event 20. Fraction of Zirconium Reacted In-Vessel

The impact of setting all the sequences to the maximum hydrogen productioi case,
33% fraction of zirconium reacted in-vessel, was measured by case assignment

j changes. The sensitivity results show No RPV Failure and No Pool Bypass
decrease with about a 3% change and Containment (structural) Failure increases
with a 8% change.

4.6.2.5 APET Event 21. Small Burns At Low Hydrogen Concentrations

The impact of transient combustibles maintaining a low hydrogen concentration by
!

an ignition source for continuing small burns was measured by settingproviding
the probability of small burns to 0, esrept when the hydrogen ignition system is
operating. The sensitivity results show essentially no change in the key
parameters.

4.6.2.6 APET Event 24. Containment Failure Fragility Model

The impact of changing the containment failure fragility curve to a point
estimate of the median (64.3 psig) and the 5th percentile (53.5 psig) was
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measured by revising the EVNTRE user function. Both sensitivity case results
' show essentially no change.-

4.6.2.7 APET Event 25, 47 and 66, Mode of containment Failure

The impact of changing the probability of-the mode of containment failure from
the fragility curve assignments for anchorage and penetration failures was
measured by assigning all containment failure cases to anchorage failure. We
sensitivity results show no change in No RPV Failure and Containment Integrity,
and found an 11% increase in No Pool Bypass.

4.6.2.8 APET Event 31. Mode of In-Vessel Steam Explosion Bottom Head Failure

The impact of changing the probability of the estimate of in-vessel steam
explosion bottom head failure by a factor of 10 to the value 1 sed in Grand Gulf
NUREG/CR-4551 (Brown 1990) was measured by a- case assignment change. The
sensitivity results show a 58% decreaFs in No RPV Failure, a 10% decrease in No
Pool-Bypass, and a 1% increase in Ccr.tainment Failure.

4.6.2.9 APET Event 32. RPV Lower Head Failure Size

The impact of rhanging the probability of a large vessel failure size to 1. was
measured by case assignment. The sensitivity results indicated essentially no
change in the overall results.

4.6.2.10 APET Event 33. Water In Pedestal At RPV Failure

The- impact of water in the pedestal at RPV Failure was measured by setting the
probability of pedestal flooding to 1. The sensitivity results show no notable
change.

4.6.2.11 APET Event 36. Pedestal failure Due To Steam Explosion

The impact of changing the probability of the estimate of pedestal failure due
to steam explosion by a factor of 10 to the value used in Grand Gulf
NUREG/CR-4551- (Brown 1990) was measured by a case assignment change. We
sensitivity results show no notable change.

4.6.2.12 APET Event 37. Drywell Failure Due To Pedestal Failure

The impact of pedestal failure on drywell failure was measured by changing the
conditional probability of drywell failure given pedestal failuu to 1 by case
assignment. The sensitivity results show a 1% decrease in No Pool 3ypass.

4.6.2.13 APET Event 54. Type of Core Debris concrete Interaction

aebris coolability was assessed with two- sensitivityThe. impact of ex-vessel
.

The sensitivity of assuming the ex-vessel core debris is never coclablecases.
measured by case assignment with an equal probability of slow wet and fastwaswet core concrete interaction. The sensitivity results of non-coolable debris

The sensitivity of assuming the debris isshow a 2% decrease in No Pool Bypass.
cooling was measured by case assignment with a probability of 1, if lateO -always water to the pedestal cavity was available. The sensitivity resultsinjection

a 8% increase in No Pool Bypass, and a 1% decrease in Containment failure.shos
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4.6.2.14 IJET Events 16, 42 and 57. Hydrogen Ignitor lluman Interaction

The isnpact of the humn interaction, f ailure to initiate the hydrogen ignition
system, on hydrogen combus* ton was accessed with two sensitivity cases. In the

first case, the recovery ..uman interaction failure probability was set to 1.
The sensitivity results for no recovery o' the hydrogen ignitots show less than
a 0.4% change in the results of the four i;enchmtk parameters, for the second
case, the probabilities fer failure to initiate and failure to m overy were
both set to 1. We sensitivity results for complete failute to anitiate the

hydrogen ignitors show essentially no change in the results.

4.6.3 Containment Performance Improvement Sensitivity Analysis

Sensitivity analyses were performed to consider the improvement in containment
~

performnce with the following design change considerations: passive plant
vent, A WS automatic ADS inhibit and alternate shutdown system, and a secure
power supply for tha hydrogen ignition system. The sensitivity analysis results
for these design tu..iderations are shown it' Table 4.6.3-1, Impact of Design
Changes On Containment rai,'' e Frequency.

'

4.6.3.1 Passive Com emient Vent Design Consideration
d eThe passive vent sensitivity was censidered since 22.81 of the plant damage

state sequences have a failed containment before core dauge, of which 18.4% are
non-Critical AWS sequences. The front-end sensitivity analysis included this gimpact of containment failure on the locs of injection in section 3.4.1.6 and
identified the core damage frequency would be teduced by about 22% with the
design change consideration of a passive vent.

We containment vont pthways include the normally open ruel Pool cooling &
Cleanup (rPCC) return line and normlly closed Mm Containment Spray alignment.
The fuel Pool Cooling And Cleanup is generally open during norm l operations. '

When the containment is isolated and containment heat removal with an PJM heat
exchanger is not available, motor operated valves must be opened to align either
the FPCC vent or the Mm Spray vent. If motor opertted valves associated with a
venting pathway fail to open remotely from the control tuom, local manual
opening of the motor operated valves located inside is t utainment is .not
possible. A passive vent design change would provide a passive rupture disk in
an alternate vent path to ensure that the containment pressure would renain
below the ccntainment overpressure threshold limit.

The results of the passive vent desion change to er nre the opening of a vent
release path before the containment overpressure theshold limit ate shown in
Table 4.6.3-1. The favorable containment performance results from the passive

vent are: increased arrest of core damage in-vessel with no RPV failute changing
f rom 50.8% of core damge f requency to 61.04 (20v change), decreased contcinment

to 9.92 x 10~ (75% change), andstructural failure frequency from 4.03 x 10"
earl with pool bypass frequency

from2.04x10'[ailure&to4.48x10'ycontainmentfailuredecreased RPV
(78% change).

4.6.3.2 AWS Alternate Shutdown & ADS Inhibit Design considetation

Tha AWS alternate shutdown & ADS inhibit sensitivity was considered to address
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the critical A WS sequences with tepresent 4.4% of the core damage frequency and
have containnen* failure before core damage. The front-end sensitivity analysis,

in section 3.4.1.6 included the impact of a design consideration to provide
automatic ADS inhibit which would reduce the internal ed flooding core damage
frequency 194. The containment performance improvement would provide an
enhanced Plant Dnergency Instruction to control the RPV Power / Level as a
function of contaitunent pressure with an RPV water level control band just above
the Minimum Steam Cooling Water Level. This new water level control band just
above the Minimum Steam Cooling Water Level (at 30 inches below the Top of the ,

Active Tuel) would reduce the reactor power within the containment vent heat
removal capability. This quasi steady-state RPV Power / Level control vould
provide a reasonable time for reactor shutdown recovery using an alternate boron
injection system. A factor of 90% recovery from the Critical A W S sequences was
modeled in the aensitivity analysis.

We containment performance results of AWS Alternate Shutdown & ADS Inhibit are |
shown in Table 4.6., 1. W e favorable containment performance results with the

'

AWS improvements are frequency reductions for RPV failure and containment
fai}ures the containment structural failure frequency decreases from 4.03 x
10~ to 3.49 x 10" (-13% change), and the RPV failure & early containmenp
failure with pool bypast, frequency decreases from 2.04 x 10" to 1.75 x 10'
(14% change).

4.6.3.3 Gdrogen Ignition System Design Change Consideration I

supplement No. 3 uf Generic Letter 80-20 directed that Mark III containments are |
i iexpected to evaluate the vulnerability to interruption of power to the hydrogen

ignitors. This staff recommer.dation originated from ICRCG-1417 (tmC 1990)
entitled Safety Evaluation Report Related To Hydrogen control oaners Group

of Mark III Containments. On the basis of its evaluation, the statfAssessment
found the Hydrogen Control Owners Group typical-report " Generic Hydregen Control
Information for BWR-6 Mark III Containments" provided an acceptable basis for
the technical resolution of the. Mark III containment degraded-core hydrogen )

control issue. Additional plant-specific analysis will confirm that the,

'

equipment necessary to estcblish and maintain safe shutdown and to maintain
containment integrity will be capable of performing ~ its functions during and <

after exposure to the environmental- conditions resulting from hydrogen
generation in all recoverable degraded-core severe-accident scenarios. The

assessment identified that s plant specific evaluation of the adequacystaff's
the hydrogen ignition system (HIS) alternate power supply should be included ,

of
as part of the individual plant examination of the plants with Mark III

*

containments.. IURCG-1417 noted that an important factor in this decision
process is the level of risk associated with an SB0 event leading to core
damage. The Grand Gulf Mark III plant risk study included in (UPIG-1150 (tac
1989). show the overall core melt frequency very low (i.e., 1 x 10" ) and that
500 conditions dominate the residual risk from severe accidents.

The- modification of the electrical power supply'to ensure the availability of
the hydrogen ignition system (HIS) during SBo would remove the possibility of;

high_ containment loads from hydrogen deflagrations and cetonations. The HIS
backup power supply sensitivity assumes 100% HIS r silability (and no

unavailability due to human interaction error).
|

containment performance results of the HIS backup power supnly are Shown inhe'

,
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Table 4.6.3-1. The favorable containment performance results with the !!!S
backup pcmer supply are frequency reductions for containment failures the
containment structural failure frequency decreases from 4.03 x 10-6 to 3.76 x '

10" (-6.7% change), and the RPV failure 6 carly containment failure with pool
bypass frequency decreases from 2.04 x 10" to 2.00 x M ' (-2% change).

4.6.3.4 Combined Passive Vent And AWS Altetnate Shutdown & ADS Inhibit
Design Change Consideration

'1he combination of these two design consideration changes discussed above would
reduce the core damage frequency from 1.27 x 10-5 to 0.01 x 10' (-37% change),
and also reduce containment failure before core damage frequency from 2.90 x
10" to 5.3 x 10" (-90% change).

The containment performance results of this combined passive vent and A WS
modification are shown in Table 4.6.3-1 The favorable containment performance
results with comparison to the base case are increased arrest of core damage in

failure from 4.03 x 10" to 4.60 x 10 phange), decreased containment
from 50.8% of core damage to 64.1% (2nvessel

(-89% change), and decreasedstructural
RPV failure and ea[ly containment failure with pool bypass frequency from 2.04 x
10" to 1.57 x 10- (-92% cnange).

4.6.3.5 Combined Passive Vent, AWS Modifications And 1115 Backup Power Supply
tMsign c one Considel.ition

The com...ation of these three changes discussed above further examines the
impact of backup power to the hydrogen ignitors with the passive vent and A WS
modifications.

The containment performance results of this combined pissive vent, AWS
modification and HIS backup power supply are shown in Taole 4.6.3-1. The
favorable containment performance results with comparison to the base case are:
increased arrest of core damage in vessel from 50.8% of core damage to 64.1%

10~phange), decreased certainment structural failure from 4.03 x 10" to 1.75(26%

with pool bypass f requency f rom 2.04 x 10" to 1.14 x 10-[ly containment f ailure
(-96% change), and decreased RPV failure and eax

4.6.3.6 Updated Initiating Event Frequency

The front-end sensitivity discussion of initiating event frequency in section
3.4.1.6 identified that using updated initiating event frequencies would change
the composition of dominate initiating events and reduce the core damage
frequency. The updated initiator composition ranking ist SB0 at 321 followed by
INP at 20%, combined transient at 23%, and AWS at IM. The reduction in core
d eage frequency for internal events and flooding is 1.27 x 10~5 to 0.05 x 10"
(-37% change).

The containment performance results of the updated initiator frequency are shown
in Table 4.6.3-2, Impact of Design Changes on Containment railure frequency
Using Updated Initiator frequency. Included in this Table are sensitivity cases
using the updated initiating event frequency with the four design change
considerations discussed above: updated passive vent; updated AW S Alternate
Shutdown and ADS Inhibit; Updated Passive Vent and AWS Modification; and
Updated Passive Vent, AWS Modifications and llIS Backup nower Supply.
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The results of the updated initiating event frequency sensitivity analysis are
compared with the results of the previous generic initiating event sensitii.ity

%-

analysis in Table 4.6.3-3. The impact of the updated initiating event frequency
the containment performance results of the design change considerations ison

significant.

4.7 RADIONUCLIDE RELEASE Cl!APACTERIZATION

he binned end points of the Accident Progression Event Tree (APET) represent%outcomes of possible in-containment accident progression sequences.the to
endpoints represent complete severe accident sequences from initiating eve'
release of radionuclides to the envircnment. The Level 1 system information is
passed through to the Containment evaluation in discrete plant damage states.
An atmospheric source term may be associated with each of these Containment

-

cequences. Because of the large number of APET sequences and because of
similarities in the sequence characteristics, however, it is neither necessary

estimate for each containment sequence.practical to develop a source termwith similar characteristics are therefore grouped into releasenor
Sequences
categories to reduce the required source term assessment effort.

4.7.1 Release category Grouping Parameters and Grouping Logi_c

We first step in source term assessment effort is to identify the sequence
characteristics which are most important to definition of the cource term.

/ These characteristics are identifiable from the Plant Damage State (PDS)
! characteristics and from the APET cequence characteristics since one of the

primary objectivet in the PDS grouping and APET evaluation has been to define
those events and t.nditions most important to source term assessment. This

source term assessment areselect set of sequence characteristics important to
used as grouping criteria to define the release categories and the associated
source term magnitude, composition and timing.

in definition of the -

The Containment sequence characteristics selected for use
Perry source term release categories are:

Containment Bypass (Event V or Main steam Line Break Outsioc '.rtainment)
e

Debris Cooled In-Vessel
Contairunent Status At Core Damage
Time of Containment Failure (relative to core damage)
Mode / Location of Containment Failure
Suppression Pool Bypass
Spray operation
Type of Core Concrete Interactions

The approach to the definition of release categories in similar to that
discussed in section 4.3 for plant damage state definition. It consisted of

of a logic diagrau with the grouping criteria defined above, asconstruction
The end points on the logic diagram represent unique release (sourceheadings.

term) categories with their individual characteristi fined by the pathway

thrurgh the logie diagram.
g)
' The gcal of the grouping process is to develop the minimum number of release\

categories necessary to distinguish the important combinations of sequence

Page 4-51
|



. - --

characteristics that can result in distinctly different atmospheric source
terms. The Source Term Grouping Logic diagram developed for the Perry IPC is
shown in rigure 4.7-1. It defines 25 release categories. It is applicable for
both the internal initiators and for internal flooding initiators.

The reasons for the selection of these parameters for definition of the Perry
release categories and specific branch assignment decisions used in the logic
diagram under each decision heading are discussed below.

Containment Dypass

Containment natural and engineered mitigation features (including scrubbing in
the suppression pool) are ineffective in reducing fission product releases if
the accident causes opening of a leakage path directly from the reactor vessel
to a point outside of the C W ainment boundary which bypasses the drywell and
containment gas volumes.

The two main ways that this can occur are if an unisolable steam line break
outside of containment occurs or an interfacing system LccA (Event V) occurs.
These are both defined by the plant damage state attribute " Containment Dypass".

For interfacing system WCAs the failures occur into the Auxiliary Building

because of the failure of the check valves between the reactor vessel and the
pressure injection systems (or low pressure portions of high pressurelow

injection systems), and subsequent failure of the low pressure piping outside of
the containment. The factors of interest to source term assessment is whethernot the release point is above or below water in the Auxiliary Building at gor
the time fission product releaseu are occurring and whether there is substantial W
deposition of radionuclides on Auxiliary Building surfaces. For unisolated
steam line breaks the important considerations are the extent of radionuclide
deposition in the Steam Tunnel and/or Turbine Building.

For containment bypass sequences, the phenomena that occur in the major
containment volumes and containment ESr operation are largely irrelevant (at
least until vessel failure), and the containment bypass sequences are assigned
to a single source term category without differentiating other containment
parameters considered for other sequence types.

Debris cooled In-Vessel

'Ihis characteristic is important (for non-bypass sequences) since there is a
significant probability of arresting the core-melt process in-vessel, thus
preventing vessel failure, ex-vessel release (core concrete interaction)

(possibly) containment failure and reducing the magnitude of fissionproce wcs.
product release. This characteristic is only considered if Containment is not
bypassed. Interfacing system LOCAs (Event V) and main steam line breaks outside
containment generally preclude long-term cooling as reactor vessel and
containment water inventory is lost from containment.

.c the debris is cooled in-vessel (and reactor vessel failure prevented) then
* hose processes involving ex-vessel debris interactions will be absent |

(ex-vessel debris coolability and debris concrete attack) and need not be
considered in defining the source term categories. h
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sufficient hydrogen may be produced to threaten contu.nment integrity. |

O However,
In addition, for loss of containment heat removal sequences - long term
containment overpressure failure , ty still occur. Containment failure (by
either of the above mechanisms) may also result in pool bypass.

,

s

Containment 6tatus At Core Damage

This attribute is considered important because any fission oroducts in the |
I

containment atmosphere are released to the Intermediate Duilding/ environment
early (i.e., near the time of core melt) and continuously, if the containment is
not isolated or has failed prior to core damage initiation.

In this case, the effective available time for fission product deposition and
spray washout in containment is reduced. The size of the most likelypossible

isolation failure path (ruel Pool Cooling Return with an effective area of .492
square feet) is large enough so that even if a later larger area containment
failure were to occur, it would e significantly increase the radionuclide
release magnitude. - As discussed ai M 4ec 1 1.2.1, the Backup Hydrogen Purge

line may be open initially during te s
' , b * the radionuclide release is

limitod by the maximum potential i w W1 !At his system (50 scfm).
Sequences with successful in-vese 4 7 een lut without containment heat
removal and with failure- of venting win result in overpressurize failure of
containment prior to core damage initiatien, for sequences with the containment
failed before core damage, it is assumed that the Icak path is directly to the
atmosphere, or, if to the Intermediate tuilding, to a location where further,

attenuation is not effective. This assumption is partly based on conservatism
'

; _ O and partially on a review of the available release pathways.

Time Of Containment rallure
because it affects theThis release category attribute is considered important

time available for fission product release mitigat 6 by natural removal
processes and spray washout. It applies to all core damage sequences that do
not involve containment bypass, or loss of isolation.

The times. selected as significant are At-(or Before) Reactor Vessel railure;
and Late railure- (many hours after vessel failure). The possibility of no
containment failure exists and is assigned to its own unique source term
category.

Mode Of Containment railure

This attribute is important because it governs the rate at which fission
products are released to the atmosphere.

It also affects the magnitude of the
release' iby governing the time available for effective fission product
attenuation in containment.

!'
The three " failure" modes -considered significant are: _ penetration failures,
anchorage failures, and containment venting,'

7his attribute-is only considered for those sequences evaluated to have an early

L .

or late containment failure. This attribute is clearly not a discriminant forp

with no containment failure. This attribute is not relevant, (or at
not significant) for containment bypass sequences, as most of the fission

.
sequences
least

!
.
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products escape through the bypass. The mode of containment failure is also
considered not relevant for other sequences that have containment failure before

damage since the containment will have already been depressurized prior tocore
core damage.

Suppression Pool Bypass

Scrubbing in the suppression pool can be an effective mitigation mechanism for
in-vessel radionuclide releases or from debris / concrete attack in the reactor
pedestal cavity. If the pool is bypassed during periods of fission product
release, then this attenuation process will not be effective. Pool bypass can

as the result of containment failure (e.g., containment anchorage failureoccur
which allows the pool to drain down below the level of the SRV quenchers and/or
the horizontal vents, as a r3sult of drywell failure (e.g., a pedestal steam
explosion causes pedestal failure which then fails the drywell) or due to

failures of systems interfacing the drywell and containment gas space (e.g., a
drywell vacuum breaker sticks open;. Pool bypass will not have a significant
impact on the source term if the containment does not fail (and is isolated).
If the containment fails via the anchorage failure mode, it is assumed that pool
bypass occurs.

Containment Spray Operation

This attribute is considered significant because it determines whether or not
fission prMuct washout by sprays occurs in the containment. This attribute
also affects the energy level (i.e., temperature) of the release.

Spray operation is only used as a grouping parameter for sequences with pool
bypass since if the suppression pool is in the radionuclide release pathway, an
effective engineered safety feature radionuclide removal mechanism is already
present. Consequently, for sequences with the suppression pool not bypassed -

branching is done and it is assumed (for calculating source term magnitudes)no'

that the sprays are not operating. For sequences with he pool bypassed, the
sprays must be operational over the entire time period when radionuclide release
is occurring in order to follow the successful spray operation branch.

This characteristic is not considcred for containment bypass sequences, the

sprays do not attenuate the important in-vessel releases. It is irrelevant for
all tiequences in which containment failure does not occur as no sigrificant
release would occur.

Type Of Core Concrete Interaction

Three types of core debris are considered. No CCI - where the debris is cooled
in the drywell and little or no CCI occurs. Dry CCI - where water is not
supplied to the drywell following vessel failure or where pool ovetflow into the

has not occurred. Wet CCI - where a source of water to the drywell isdrywell
present, however the debris is not coolable and CCI occurs in the presence of an
overlying water layer.

Dry CCI cases and wet CCI cases result in significantly different fission
product source terms since for CCI occurring with an overlying water pool the
aerosols and radionuclides will be scrubbed by the overlying water pool. This
can be particularly important for sequences where the suppression pool is

Page 4-54

i
,



,

!

!
4

!

bypassed.

4,7.2 Release Category Grouping Logic Tree and Release Category Characteristics

The Source Term Category Grouping Logic figure developed for the Perry IPE is !

shown as Figure 4.7.1-1. It defines 25 release categories.
1

4.7.2.1 STC Grouping Logic lleading Definitions

'Ihe following STC Grouping Logic Headings are used in Figure 4.7.1-1. .

OnMT BYP Containment Bypass

A containment bypass snquence with core damage results in a
radiological release to de environment. Potential bypass

include the traditional Event V, Interfacing LOCAs, andsequences
Main Steam Line Breaks. The STC grouping logic branches are i

labeled No and Yes.

RPV FAIL Debris Cooled In-Vessel

If the debris is cooled in-vessel (and -reactor failure is
. prevented)- then those processes involving ex-vessel debris
interactions will be absent. The SK grouping logic branches are
labeled RPV railure and No RPV Failure.

,

CUMT_ INT
Containment Status At Core Damage

The- success of containment at core damage maintains the |

radiological boundary. The failure of containment at, or before, '

core damage allows an early radiological release. The failure of
the containment may result in the loss of injection due to the
physical interaction between the containment structure and the
injection systems. The STC grouping logic branches are labeled
Containment Failed Before Core Damage and Intact.

TIME CF Time-Of Containment Failure

The time of containment failute is characterized for the sequences
that 'do' not involve containment. bypass or containment ' ailed
before core damage. The SK grouping logic branches are labeled:
Early- Containment Failure, Late .(many hcurs after RPV fallureJ
Containment Failure, and No Containment Failure.

i

140DE_CF
Mode Of Containment Failure

The- -modes of containment fmilure are anchorage fallure,

penetration- failure,-and containment . vent. The modes of
'

containment failure.are applied to the Early containment Failure
and Late Containment Failure branches.

POOL _BYP
' Suppression Pool Bypass

Suppression Pool Bypass is evaluated for all sequences with
.
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containment failure. W e S K 9touping logic branches are labeled
Early or Late Pool Dypass and lio Pool Dypass.

SPRAYS Containment Spray Opetation

Containment spray operation can be applied to sequences with
suppression pool bypass. The SE grouping logic branches are
labeled Late or 14 0 spray. (It should be noted that the spray

operation assessment would be most effective on dominate STC
branches. During the course of the IPt assessment the
contribution of StX) and AWS initiators shifted and the grouping
logic was not enhanced in this area due to time constraints. We
application of this attribute demonstrates the potential benefit
of this engineered Safety System.)

TYPE _CCI Type of Core Concrete Interaction

Three types of Core concrete Interaction are considered in section
4.7.1. Ilowever, to simply and conservatively model the source
term release fraction for the IPE only two types of CCI are shown
on the STC grouping logic: Dry CCI and 140 CCI . Wet CCI sequences
are conservatively combined with Dry CCI sequences. Source term
release assessment using all three categories for RPV lailure
would develop a model which would require a more exhaustive
quantification effort.

4.7.3 Release category Source Term Characteristics g
We determination of the source term magnitude, composition, and timing for each
release category were performed with the PNG 3.0D code. MAAP calculations were
performed for eleven Source Term Category groups: 1, 2, 3, 5, 8, 10, 11, 13, 14,
21 and 23. We release fractions for the other categories were then
characterized by similarity to one of the calculated tW @ source terms.

The representative sequences used for the FW e release category calculations
were selected on the basis of having the required characteristics as specified
in the release category defini*. ions, having a significant frequency of
occurrence (at the Plant Damage State level), and having a significant
containment failure probability. The sequences modeled for the source term
release categories are listed in Table 4.7.3-1. The calculated times of
occurrence of e"ents important to radionuclide release are listed in Table
4.7.3.2. The calculated radionuclide release fractions for the analyzed release
categories are shown in Tabic 4.7.3 -3. The release fractions in this table are
listed by MAAP " species" which are described below. The bases for
characterizing the unanalyzed source term release categories are primarily the
containment failure time and mode, and containment spray operation.

Fission product release in the MAAP code from the core in-vessel or cote debris
ex-vessel is modeled with " frozen" chemical states defined by the twelve species
listed in Table 4.7.3-5. The chemical state is important in determining the
transition between vapor and aerosol forms which affects the depositica and
retention of fission products. O
Each of the 12 MAAP fission product species can exist in up to four states in
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each region of the containment and reactor vessel. These states are " vapor",
O " aerosol", " deposited", and " contained in the core or cotlum". These states and

the 12 species are used to characterized the PMP calculated source term
release.

4.7.4 Release Category Point Estimate Frequencies and Dominant Sequences

Twenty five source term release categories vete developed for the containment
evaluation sequences. The nine dominant source term categories which contribute
95% of the source term release are listed in Tabic 4 . 7. 4 -l . Table 4.7.4-2
presents the contribution of the notable individual Plant Damage State groups
(those PDS groups that contribute greater that 0.1% of the core damage) to each
source term category. The dominant core damage sequences in the PDS groups
shown as being important to a STC group ar' included in Table 4.3.3-1.

_

Dominant Source Term Categories 24 and 12 (ranked 1 and 4, respectfully)
represent tio Containment railure with !Jo RPV railure and with RPV railure and
contribute 27.7% and 14.4%, respectfully, of the source term category release
fraction.

Dominant Source Term Category 23, ranked 2, represents tJo RPV railure,
Containment Intact At Core Damage and Late Venting and 11o Pool Bypass. Bis
venting category contributes 19.2% of the release fraction.

Dominant Source Term Category 1, ranked 3, represents RPV railure with
Containment railed at Core Damage and Pool Bypass. This source term category

O contributes 15.0% of the release fraction,

s -

.

O
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Table 4.1.1-1

|
COMPARISON OF HARK III CONTAINMENT DESIGN CllARACTERISTICS

Perry Grand Gull

Total Frye Volume 1.44 1.67
(Hft ) 1

-1

PoolVolyme 0.12 0.14
(Mft )

Containment Volme/Ihermal Power 0.40 0.44
(ft'/kW)

Containment Pool Volm e/ Thermal Power 0.032 0.037
(ft*/kW)

l

Containment Design Pressure j

Internal (psig) 15 15
External (psi ) 0.8 -

Drywell Design Pressure

Internal (psi) 30 30
External (psi) 21 21

,

O
!

|

t .
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TABLE 4.3.3-1 DOMItWJT PLA!1T DAMAGE STATES

Rank PDS GROUP FREQUE!JCY CDF% DOMI!W1T SLQUCJCES CDT%

1 53 4.44E-6 34.9% T2-C-U3-X' 17.8%
T2-C-Lc-C1 4.9%
T2-C-U3-X 2.2%
T3B-C-U3-X' 2.2%
T2-CB 1.9%
U-V-Va 1.1%
T2-CA-V' 1.0%

2 56 3.40E-6 26.7% 13B-U1-U2-Val 8.9%
TIA-U2-01-V-Va-Wc-Ws 5.9%
B6-V-We 3.0%
r1D-U3-02-U1-V-Va 1.0%
A-U1-V WC-Ws 1.6%
T15-Va 1.6%

3 73 1.22E-6 9.6% T2-Wc-Ws-Y-CV-Li 8.2%

4 61 6.23E-7 4.9% T15-Va-R3 2.6%
UR-V-Va-R3 1.9%

O
5 71 5.59E-7 4.4% T2-Wc-Ws-Y-Cv 2.2%

TIA-U2-WC-Ws-Y-Cv 1.5%

6 65 2.93E-7 2.3% T2-CA-Cl-We 1.1%

7 67 2.65E-7 2.1%

8 69 2.56E-7 2.0%

9 1 2.51E-7 2.0% B9-Va 1.8%

10 25 2.09E-7 1.6% B7-R3 1.6%

11 63 1.69E-7 1.3% T2-CA 1.2%

12 32 1.26E-7 1.0%

13 36 1.02E / 0.G;

14 66 1.00E-7 0.8%

15 9 9.73E-8 0.8%

9
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TABLU 4.4.1-1 ULTIKATE CONTAINMENT PAILURE MODES

_

l

PAILURE PRESSURE

FAILURE HODE 5th Percentile Median |-

I

1. Dome Knuckle 65.1 psig 86.4 psig

86.7 115.1
2. Dome Apex

l86.6 111.7
|3. Cylinder
!

4. Personnel Airlock 94.0 119.2'

5. Equipment Hatch (Bolts) 60,8 77.1

6. Penetration P123 60.0 77.3

7. Penetration P205 58.9 75.5

8. Penetration P414 57.4 74.0

9. Anchorage Steel 104.9 135.3

10. Anchorage Concrete 64.9 92.0

CONTAINMENT COMPOSITE FAILURE 53.5 64.3

4

I
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TABLE 4.4.1-2 EXPECTED TTPE OF CONTAINHP.NT FAILURE

GROSS

FAILURE MODE LEAKAGE RUPTURE RUPTURE

1. Dome Knuckle X

2. Dome Apex X

3. Cylinder X

4. Personnel Airlock < Hedian > Median

5. Equipment Hatch (Bolts) < Hedlan > Hedian

6. Penetration P123 < Median > Median

7. Penetration P205 < Median > Hedian

8. Penetration P414 < Hedian > Median

9. Anchorage Steel X

|h10. Anchorage Concrete X

NOTE: Median designates the median failure pressure for the associated
containment failure mode. Leakage failure is expected to commence
below the median failure pressure, and when the median failure
pressure is exceed then transition occurs to a larger failure type,
rupture or gross rupture.

O
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TABLE 4.4.2-1 ULTIMATE DRTVELL FAILURE MODES

!

FAILURE H0DE HEAN TAILURE PRESSURE

1. Dryvell Vall 98.5 psid

2. Dryvell Roof 67.0
'

3. Dryvell Head 77.8 (internal)
*

83.3 (external)

4. Equipment Hatches 84.7

5. Personnel Airlocks 107.2
,

&

l.
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u nt.E 4.5.1-1 PERRY IPE ACCIDDR PROGRESSIO4 EVDU TREE QUESTIO4S

QueStlOn
Number

PIRE DAMME STATE GOUPING ID'i1C
*

1. Not A Containment Bypass Sequence?

No Bypass, Event V or Main Steam Line Break

2. Containment Status At Core Damage?

Containment Intact, Containtaent Failed.

3. Event Type?

For Containment Intact At Core Damage:

SDO, ID3P With No INAC, Other Types

For Containment Failed At Core Damage:

Critica.1 A*IWS, LOOP & SBO, Others

4. Initial Containment Heat Removal With Suppression Pool Cooling?

For IJDOP With No INAC

Not Available, Initial Suppression Pool Cooling
\ -

5. Containment Vent Isolated At RPV Failure?

For SBO Sequences Isolated, Not Isolated

6. RPV Injection Failure Time?

For Containment Intact At Core Damage and SBO Sequencest

0 - 2.8 hrs (characterizes no injection)
2.8 - 4.2 hrs (characterizes RCIC availability)

> 4.2 hrs (characterites HPCS & Firewater availability)

7. Offsite Power Recovery Time?
,

Prior To RPV Failure, Prior 'Io Containment Limit, No Recovery

8. Containment Heat Removal With RHR Spray Loop?

MHR Spray, RHR Suppression Pool Cooling, No RHR

9. Containment Heat Removal With vent?

|
.. . - . . . - - - - . - - - -
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O Vent, No Vent

10. Late In-Vessel Injection & Pedestal Cavity Supply?

Yes, No

11. RPV Depressurized During Core Damage?

Yes, No

CE7f EVENT 1. DEBRIS COOLED IN-VESSIG.

12. Late RPV Low Pressure Injection Aval.lable?

Water Injection, No Injection, Critical ATWS

13. RPV Depressurized During Core D . - Je?

Low Pressure,-High Pressure

14. Debris Mass Molten At RPV Failure?

(G) Large Debris, Small Debris

15. Debris Cooled In-Vessel?

Cooled In-Vessel, Not Cooled In-Vessel

ChT. EVENr 2. MODE OF CINTAINMINT FAILURE DEfDRE RPV FAILURE

16. Hydrogen Ignition System Availabit.?

HIS On, IIIS Off

17. Containment Vent Isolated Before RPV Failure?

Isolated, Not Isolated

18. Mode Of RHR Spray Operation Early?

Controlled, Design Cooling, No Spray

19. Containment Steam concentration Before RPV Tailure?

0-15%, 15-25%, 25-35%, 35-45%, 45-55%, >55%
C

20. Fraction Zirconium Inventory Reacted In-Vessel?

!

N
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lit, 22%, 334

21. Small H2 Burns At Low H2 concentration?

No Small Burns, Small Burns

22, Large H2 Burn During Core Damage?

No Durn Ignited, Large Burn Ignited

23. H2 Detonation Containment Failure Before RPV Failure?

Detonation Containment Failure, flo

24. Containment Failure Before RPV Failute?

Failure, No Failure

25. Mode of Containment Failure Before RPV Failure?

Anchorage, Penetration-Dome or No failure

CET EVD n 3. 94JECTIQ4 & SPPAY FMIEtE DUE 'IO CCtEA11M2R FMLURE
BEFORE RPV FAILURE

26. Containment Failure Before RPV Failure Impact on ECCS Injection
and Spray Piping?

No Failure, Failure

27. Containment Failure Before RPV Failure Impact on ECCS Injection and
Spray Motors?

No Failure, Failure

28. Containment Failure Before RPV Failure Steam and Radiation Impact On
Firewater Injection?

No Failure, Failure

29. Icjection & Spray Failure Due To Containment Failure Before RTV
Failure?

No Failure, Injection & Spray failure

CEF EVI2R 4. DRWELL FAILURE AT/NEAR RPV FAILURE

30. Alpha Mode Steam Explosion Drywell and Concainment Failure?

- . .
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O Alpha, No Alnha

31. Mode of In-Vessel. Steam Explosion Bottom Head RPV Failure?

Alpha, Large, Small, No In-Vessel Steam Failure

32. RPV Failure Mode & Failure Size? ,

Alpha mode, No RPV Failure Debris Cooled In-Vessel, Small Size
Bottom Head RPV Failure, Large Size Bottom Head Failure

33. Water In Pedestal At EPV Failure?

Flooded + Injection, Residual Water + Jnjection, Flooding,
Residual Water Only

34. Pedestal Failure Due To Overpressure At RPV Failure?

Pedestal Failure, No Failure

35. Pedestal Cavity Steam Explosion?
,

Steam Explosion, No Explosion

36. Pedestal Failure Due To Steam Explosion?

Pedestal Failure, No Failure

37. Drywell Failure Due To Pedestal Failure?

Drywell Failure, No Failure

38. Drywell Overpressure Failure At RPV Failure?

Drywell Failure, No Failure

39. Drywell Failure At/Near kPV Failure?

Drywell Failure, No Failure

CET EVmr 5. ICDE OF CONTAIt@tWr FAIUJRE AT/NEAR RPV FAILURE

Containment Steam Concentration At/ Nest RPV Failure?40.

0-15%,.15-25%, 25-35%, 35-45%, 45-55%, >55%

Traction Zirconium Inventory Reacted At/Near RPV Failure?41.

11%. 22%, 33%
(

f
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42. Hydrogen Ignition Sources Available At RPV Failure?

No Ignition Source, Ignition Source

43. High Pressure Melt b : tion?

HPME, No HPME

44. Large H2 Burn AtA4 ear RW Failure?

No Large Burn Ignited, Large Burn Ignited

45. Hydrogen Detonation Containment Failure AtAJear RPV Failure?

Detonation Containment Failure, tJo Failure

46. Containment Failure AtA1 ear RW Failure?

Failure, No Failure

47. Mode of Containment failure At/Near RPV Failure?

Anchorage, Penetration-Dome or No Failure

Crr EVDir 6. POOL BYPASS BENREAEAR RW FAILURE

48. Drywell Failure Due To Containment H2 Burn DeforeAJear RW Failure?

Dryuell Failure, No Drywell Failure ,

49. Pool Bypass BeforeAJear RPV Failure?

Pool Dypass, No Pool Bypasss

CET EVD(r 7. I!LTEC'FIQi & SPPAY FAILURE DUE 'IO CQfIAINMDIT FAILURE
AT/NFAR RW FAILURE

50. Containment Failure AtAlear RPV Failure Imyoct On ECCS Injection
And Spray Piping?

No Failure, Failure

51. Containment Failure AtA4 ear RW Failure Impact on ECCS Injection
And Spray Motors?

No Failure, Failure

52. Containment Failure At/Near RPV Failure Steam & Radiation Impact

- - _ - - - .
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O
Q On Firewater System?

No Failure, Failure

53. Injection & Spray Failure Due To containment rallure
BeforeAJear RPV Failure?

No Failure, Injection & Spray Failure

CLr EVI2ft 8. PEDESTAL FAIWRE DUE 'IO CORE CONCRE'IE Ilf1ERACTICH ,

54. Type Of Core Debris concrete Interactions?

. Dry CCI, Past-Wet, Slow-Wet, No CC1

55. Pedestal Failure Due To Core Debris concrete Interaction?

At Vessel Breach, After Vessel Breach, No Failure

CET EVI2rr 9. PIODE OF IATE BURN & OVERPRESSURE CCITTAltNNr FAIWRE

O
56. Mode Of RHR Spray Operation Late?

Controlled, Design Cooling, No Spray

57. Hydrogen Ignition Sources Available Late?

No Source, Hydrogen Ignition Source

SS. Containment Steam Concentration Late?

0-15%, 15-25%, 25-35%, 35-45%, 45-55%, > 55%

59. H2 Combustion Before/At RPV Failure?

Early Burn, No Early Burn

60. Containment Effective Hydrogen Concentratien Late?

< 4%, 4-8%, 8-12%, 12-161, 16-29^, > 20%

61. AC Power Available Late?

AC Late, No AC Late

62. Large H2 Burn Late?

No Burn Ignited, Large Burn Ignited

. - . - , . - - . . - . - - - , _ ._ , - . - . - .
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63. liydrogen Detonation Late conti:nment railure?

Detonation Containment railure, No

64. Ilydrogen Burn Late Containment railute?

I'ailure, No railure

65. Containment Status At Accident Progression Progression?

Early Containment railure, tate Containment railure,
Vent, No Containment railure

66. Mode Of Late flydrogen t. Overpressure Containment Failure?

Anchorage, Penetration-Dome or No railure

Ctr L7127r 10. IATE POOL BYPASS

67. Drywell railure Due To Late llydrogen Burn In containment?

Drywell railure, No rai. lure

68. Pool Bypass Late?

Late Pool Bypass, No Late Bypass

|

0
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O TABLE 4.5.3-1 APET CotRAIretDir PEnrCrauCE BASE CASE RESULTS

rPACTION
rREQUDJCY OF CDF

No RPV Fall: No Containment railure 3.39E-6 26.7%

Vent 2.45E-6 19.3%

Containment rallure 6.10E-7 4.9%

Subtotal No RPV Failure Core Damage frequency: 6.46E-6 50.0%

RPV Fall: No Containment railure 1.58E-6 12.4%

1.27E-6 10.0%Vent

/ tate Containment Failure 9.30E-7 7.4%

Early Cr No Pool Bypass 4.30E-7 3.4%

Late Pool Bypass 1.54E-6 12.1%

Early PB, spray 6.12E-8 0.5%

EM1y FB, No spray 4.45E-7- 3.5%

Subtotal RPV Failure Core Damage Frequency: 6.27C-6 49.2%

WPAL CORE DAMAGE FRECUDICY: 1.27E-5 100.0%

Subtotal Containment Venting Frequency: 3.72E-6 29.21,

Subtotal Cntat Structural Failure Frequency: 4.03E-6- 31.7%

'IOTAL CONTAINMENT FAILURE & VDRING FREQUn1CY:
7.76E-6 60.9%

-

RPV FAILURE AND EARLY COtRAIt&tCR TAILURE
WI'IH POOL BYPASS PREQUC4CY: 2.04E-6 16.1%

+

f~
,

I
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TABLE 4.5.3-3 DonI!wn canAIt4MDn FAILunt PIArn IWWE STATcs

onMT
FAILURE CDP

Rank PDS CLASS FPIQUDJCY PERCDn PERCE!n DOM ' Ain SEQUDJCES CDF%

1 56 3.40E-6 43.9% 34.0% 13B-U1-U2-Val 8.9%

TIA-U2-01-V-Va-We-Ws 5.9%

B6-V-We 3.0%

F1>U3-U2-U1-V-Va 1.8%

A-U1-V-Wc-Ws 1.6%

T15-va 1,,6% -

2 73 1.22E-6 15.8% 9.6% T2-Wc-Ws-Y-Cv-Li 8.2%

3 61 6.23E-7 8.0% 4.9% T15-va-R3 2.6%

UR-V-Va-R3 1.9%

4 71 5.59E-7 7.2% 4.4% T2-Wc-Ws-Y-Cv 2.2%

TIA-U2-Wc-Ws-Y-Cv 1.5%

5 65 2.93E-7 3.8% 2.3% T2-CA-Cl-We 1.1%

6 67 2.65E-7 3.4% 2.1%

7 69 2.56E-7 3.3% 2.0%

8 63 1.69E-7 2.1% 1.3% T2-CA 1.2%

-

9 25 2.09E-7 1.8% 1.6%

10 36 1.02E-7 1.3% 0.8%

11 66 1.00E-7 1.3% 0.8%

12 9 9.73E-8 0.8% 0.8%

13 58 6.15E-8 0.8% 0.5% ,

14 62 5.02E-8 0.7% 0.4%

15 53 4.44E-6 0.6% 34.91

16 70 3.23E-8 0.4% 0.3%

O

,
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TAEt 4.6.3-1 1MPACF OF DESIGN OtAPGtS ON COtrfA!!fCtrf F A11MRt FFIQUENCT

O
(1) (2) (3) (4) (1)

Bast FM SIVE MVS HIS IAS$1VE FAS$!VE Yttff,
Cast Vttrf ALTMATE SActVP V12rf , ATWS A1.T S/D

SlftfTDOWN POWER ALT $/D 6 ADS INMIB17,
& ADS $UFPLY 6 ADS 1118 ILACTUP
trat! BIT !!at! BIT POW 13 SUFFY

no Prv fallutet Ho Containment rallure 3.39E-6 3.39t-6 1.82E-6 3.42t-6 1.82t-6 1.85t-6
(26.7%) (32.6%) (11.6%) (26.9%) (22.7%) (23.1%)

vent 2.45t-6 2.92t-6 2. tit-6 2.45t-6 3.288-6 3.20t-6
(19.3%) (26.1%) (21.2%) (19.3%) (41.54) (41.0%)

Containment rallure 6.18t-7 2.47t-4 6.18E-7 6.93t-7 2.488-8 3. Set 9
( 4.9%) ( 0.3%) ( 6.0%) ( 4.7%) { .4%) ( .04%)

Subtetal Iso BM Fallure Core Demage freq: 6.46t-6 6.34E-6 5.25t-6 6.46t-6 S.132 6 5.13t-6
($0.0%) (61.0%) (50.9%) (S0.8%) (64.1%) (64.1%)

PM failuret tio Contairment rallure 1.58E-6 1.$tt-6 9.06t-7 1.19t-6 9.06t-7 1.12t-6
(12.4%) (1$.2%) ( 8.8%) (14.1%) (11.3%) (14.0%)

vent 1.27t-6 1.52E-6 1.30t-6 1.31t-6 1.54t-6 1. bet-6
(10.0%) (14.6%) (12.$4) (10.3%) (19.3%) (19.8%)

14to T wtainment ra11ure 9.385-7 2.465-7 9.39t-7 7.312-1 2.46E-1 3.25t-4
( 7.4%) ( 2.4%) ( 9.1%) ( S.7%) ( 3.1%) ( 0.4%)

tarly CF too toni M Tese 4.30E-1 2.67t-7 1.45E-1 4.30E-7 2.535-4 2.50t-4
( 3 4%) ( 2.6%) ( 1.8%) ( 3.4%) ( 0.3%) ( 0.3%)

late Peel Bypass 1.54t-6 2.26E-7 1.34t-6 1.$3E-6 3.$88-0 2.$4t-6
(12.1%) ( 2.2%) (13.0%) (12.0%) ( 0.4%) ( 0.3%)

tarly Ps, spray 6.12E-8 6.12E-6 3.74t-4 5.12t-4 3.745 4 2.14t-8
( 0.5%) ( 0.6%) ( 0.4%) ( 0.4%) ( 0.5%) ( 0.3%)

tarly Ps, tio Spray 4.45E-1 1.61t-7 3.67t-7 4.22t-1 8.36t-0 6.05t-8
( 3.5%) ( 1.5%) ( 3.6%) ( 3.3%) ( 1.0%) ( 0.8%)

Subtotal Rrv rallure Core tamage Fregt 6.27t-6 4.005-6 5.08t-6 6.272-6 2.07E-4 2.88t-6
(49.2%) (39.0%) (49.1%) (49.2%) (35.9%) (35.9%)

To'tAL CORE EArt6st FREQUENCTI 1.27E-S 1.04t-5 1.03t-5 1.27E-S 8.018-6 8.01t-6
(100%) (100%) (100%) (100%) (200%) (100%)

subtotal Containment venting Frequency: 3.72E-6 4.43t-6 4.11E-6 3.76t-6 4.82t-6 4.87t-6
(29.2%) (42.6%) (39.8%) (29.5%) (60.2%) (60.8%)

Subtotal Cntat Structural rallure Fregt 4.03t-6 9.92t-7 3.490-6 3.76t-4 4.60t-1 1.75t-7
(31.7%) t 9.5%) (33.8%) (29.5%) { $.7%) { 2.2%)

MTAL CosrTAIM*ttfrf FA11URI & Vttfrltt3 FPIQi 7.76t-6 5.43C-6 1.600-6 1.$2t-6 5.28E-6 5.04t-6
(60.9%) 152.2%) (73.6%) (59.1%) (6$.9%) (63.0%)

>

BM FA11HRZ 6 EARLY CONTAlt0Cff FA11MPI
WITH POOL STPASS TREQUtttOtt 2.04t-6 4.48t-7 1. 75t-6 2.s c 1.57t-7 1.145-7

(16.1%) ( 4.3%) (16.9%) (15.8%) ( 2.0%) ( 1.4%)

,

1

- _ _ _ - _ - _ _ _ . - I
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TAst2 4.6.)-2 1MPAf."f 0F DESIGN OLMet$ ON C0tffAlf@'Ilff FA111fl3 FREQUENCY US1f4 UttATED !!1171ATOR FPIQVENCY

(1) (2) (3) (4) J

UrtATED UrDATTD UrtAttD UrtAttD tfrtATED
PAtt INYTIATOR FA.SSIVE ATW5 ALT FAS$1Yt FAss!VE Vt3ff.
CASE FFAQUENCY VENT SWTDOW1 Vtfff 4 ATW5 MDDS &

4 ADS ATW5 ?ODS R18 BACKVP
3WHIBIT M1WER $VIFLY

Mo arv railutet No Contairment reilure 3.39r-6 1.22t-6 1.22t-6 7.34t-7 1.34t-7 7.60s-7
(26.7%) (1$.2%) (18.3%) (10.0%I (12.4%) (12.8%)

Vent 2.4$t-6 2.362-6 2. 6 2 t-6 2.4$t-6 2.91t-6 2.912-6
(19+3%) (29.4%) 142.3%) (33.$41 ( 4 9. 0* ) (49.0%)

Contairment Fellule 4.18t-1 4.108-1 6.14t-4 4.705-1 2.90r t 3.795-9
( 4.9H ( $.8%) ( 1.0%) ( 6.4%) ( 0.$4) ( 0.06%)

.,

Subtotal No PJ'y failure Core tsaage Freq 6.46E-6 4.06t+6 4.112-6 3.6$t-6 3.671-6 3.672-4
($0.8%) ($0.341 (61.6%) (50.0%) (61.9%) (61.9%)

Rrv railures no Contairment rallure 1.58t-6 6.22t-7 6.22t-1 4.095 'I 4.09t-7 6.21t-7
(12.4%) { f.1%) ( 9.3%) ( S.6%) ( 6.9%) (10.$4)

Vent 1.275-6 1.25t-6 1.475-6 1.24t-6 1.48t-6 1.$3t-6
(10.0%I (1$.3%) (22.1%) (16.9%I (2$.0%) (25.7%)

14to Contalement Failure 9.38E-7 9.2$t-7 2.4$t 1 9.2$t-1 2.4tt-7 4.20t-8
( 7.4%) (11.$%) ( 3.7%) (12.741 ( 4.1%) ( 0.lti

tarly CFs No Pool pypass 4.302-7 1.88E-7 2.008-8 1.24E-7 1.375-9 1.00E-9

( 3.4%) ( 2.3%) ( 0.3%! ( 1.7%f ( 0.1%) ( 0.1%)

late Pool Bypass 1.54t-6 7.$15-7 8.401-8 1.04t-7 2.0$t-4 1.045-8

(12.1%) ( 9.3%) ( 1.3%) ( 9.641 ( 0.341 ( 0.2%)
,

'

tarly FS, Spray 6.12t-8 2.82t-8 2.78t-8 2.09E-8 2.098-8 1.088-8

( 0.$tt ( 0.3%) ( 0.4%) ( 0.3%f ( 0.4%) ( 0.2%)

tarly FB, no spery 4.4$t-1 2.49t-7 8 765-4 2.30E-1 1.368-8 5.045-8

( 3.$4) ( 3.1%) 1.3%i ( 3.1%I ( !.2%) ( 0.4%)

Subtotal Erv Failure Core Damage Freq: 6.27t-6 4.00t-6 2.$6t-6 3.66t-6 2.26t-6 2.265-4

(49.2%) 149.7%) (38.441 ($0.0%I (38.1%) (38.1%)

TUTAL CDPE [* MAGE FREQUE2sCT 1.27E-$ 8.0$t-6 6.67t-6 7 31t-4 $.13t.6 b.93t-6

(100%) (100%I (200%) (100%) (2004) (200%I

Subtotal Containment venting Frequency: 3.72C-6 3.595-6 4.29t-6 3.69t-4 4.395-6 4.43E-6

(29.2%) (44.7%) (64.4%) ($0.4%) (14.0%) (14.8%)

Subtotal Cntat structural Failure .03t-6 2.61t-6 $.34t-1 2.48t 4 3.99E-7 1.1$t-7

(31.7%) (32.$%) t 8.04) (33.99? ( 6.7H ( 1.9% )-

TOTAL CONTA!NMttff FA11AfPI & VEttit.w FPIQ 7.76t-6 6.21t-6 4.83E-6- 6.17E-f 4.79E-6 4.$$t-6

(60.9%) 177.1%) (72.4%) -(84.441 180.7%) (76.7%)
('
|

| RFV FAILVPt & EAPJJ Coff!AINMt2ft FAf t1%
[ .- WITH 300L SYPAss FEEQUENCY: 2.04t-6 1.03C-6 1.99t-7 9.$4E-7 1.1$t-7 1.16t-4

(16.1%) (12.4%) t 3.0%) (13.1%) ( 1.9%) ( 1.2%)|

|;

!n '

|

.
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TABLE 4.6.3-3 CONTAINPG2ff PEPIOFMAA*2 COMFARISON OF DES!JN OIAtME C01CIDERAT101:3

O
GENERIC INITTATTfM EVENT tREQOtNCY IfFDATED INITIATING tyttrF FREQUENCY

RFV Failure RP7 Failure
And Early And Early

Contairment Cont .Jment Centa trument Containment
Core Structurs! Fail. * With Core Structural Failure With
Damage Fetture Pool M ! a s e Damage Failure {oej

MTao s

\~

Base Case 1.3E-5 4.0t-6 2.0t-6 6.1t-6 2.6t-6 1.Ct-6 _

Fassive Vent 1.0E-5 9.9t-7 4.5E-7 6.7t-6 5.3t-7 2.0s-7
(-18% OtG) (-75% CIG) (-78% CHG) (-17% ofG) (-80% OtG) (-81% OtG)

A M Wdes y
J.lt chutdown

: 6 ads Inhibit 1.0t-5 3.St-6 1.et-6 7.3t-6 2.5t-6 9.55-7
(-19% QIG) (-13% OtG) (-14% 01G) (- 9% 043) (- 5% 050) (- 7% CHG)

Passive Vent
& ATW5 Mods 8.05-6 4.6t-7 1.6E-1 5.9E-6 4.0E-7 1.21-7

(-37% CIG) (-89% Or) (-92% Q C) (-26% C 4) (-45% ofG) (-89% OtG)

Pactive Vent.
ATws Moda -
tcynitor Power 8.0s-6 1.et-7 1.15-7 5.9E-6 1.2t-7 7.2t-4*

(-37% c1G) (-96) oto) (-94% CHQ) (-26% otG) ( 964 otG) (-93% CHG)

_

100TE: These resulte are based on an
analysis of the core damage
esquences included in the plant
damage state trees. Thus there are
small differences in the impact.of
changes report 6d in this table
compared with those reported for
internal event core damage uequences
in section 3.4. These differences
do not change the overall

ant:1usions.

O

--



3<(g TABLE 4.7.3-1 REPRESFRfAT7VE SEQUENCES FOR RELEASE FRACTION ANALYSIS
.

MAAP
STC Run No. Description

1 ST 01 Transient with loss of containment heat removal.
~ Containment overpressure failure r,a.lts in loss ' -t-

injection and suppression pool bypass.

2 ST 02 Transient with loss of containment heat removal.
~ Containment overpressure failure results in loss of all

injection.

3 ST 03 Transient vith loss of injection at 12 hours. RPV failure
''

occurs near containment failure. Containment overpressure
failure results in a anchorage failure and suppression pool
bypass.

5 ST 05 Transient with loss of injection at 12 hours. RPV failure
-

occurs near containmen.t failure. Containment overpressure
failure results in a penetration failure. Suppression pool
bypass occurs near the time of containment failure.

(Q -
Transient with initial loss of injection. Containment8 ST 08

/ overpressure results in penetration failure late in the
accident sequence. Suppression pool bypass occurs near the
time r.2 containment failure.

-10 ST_10 Transient with initial loss of all injection. RPV failure
occurs before the containment vent is opsned. Suppression
pool bypass occurs near the time of containment venting.

11 ST_11 Transient with initial loss of all injection. RPV failure
occurs before the containment vent is opened.

13 ST 13 Transient with loss of containment heat removal.
~

Containment overpressure failure results in loss of
injection and suppression-pool byptss. Recovery of
injection cools the debris in-vessel.

14 ST_14 Transient with loss of containment-heat removal.
Containment overpressure failure results in loss of
injection. Recovery of injection cools the debris
in-vessel.

21 ST_21 Transient with initial loss of all injection. Recovery of
injection cools the debris in-vessel. Containment
overt.ressure results in penetration failure.

Q 23 ST_23 Transient with initial loss of all injection. Recovery of
V injection cools the debris in-vessel. Containment

overpressure failure results in penetration failure.



TABLE 4.7.3-2 TIME OF OCCURRENCE FOR IMPORTAlfr EVFXTS IN RELEASE CATEGORY CASES

Time in Bours

Initial
Injection Core Injection RPV Containment Containment Suppression End Of Source

STC fio. Failure Uncovery Recovery Failure Failure Vent Open Pool Bypass Release Run

1 19.7 22.2 -- 27.8 19.7 -- 19.7 80.

2 19.7 22.2 -- 27.8 19.7 -- -- 100.

3 12.0 15.8 -- 20.8 20.8 -- 100.

5 12.0 15.8 -- 20.8 20.8 -- -- 100.

8 00.0 0.55 -- 1.8 59.0 -- 59.0 100.

10 00.0 0.55 -- 1.8 -- 26.7 26.7 100.

11 00.0 0.55 -- 1.8 -- 26.7 -- 100.

13 19.6 22.1 25.5 -- 19.6 -- 19.6 60.

14 19.6 22.1 25.5 -- 19.6 -- -- 60.

21 0. 0.55 1.5 -- 50.3 -- -- 100.

23 0. 0.55 1.5 -- -- 30.0 -- 100.

1

O O O
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TAB 12 4.7.3-3 UeGOSITE SmatT TERPt CATEGORY RIf2ASE FRACTIONS

MAAP Specie Release Fraction
Source
Tara
Category Basis 1908113 CSI- TED2 590 #002 CSGI BAO 1A203 G02 SS TE2 UO2

1 MAAF 1.0 2.7E-2 2.4E-2' 1.1E-3 3.4E-4 2.9E-2 6.1E-4 4.6E-5 3.6E-4 7.78-2 4.9E-3 8.45-7

2 MAAP .93 3.6E-3 2.0E-3 3.0E-5 4.5E -4 3.6E-3 5.7E-5 9.0E-7 ' 6.3E-6 2.3E-3 8.5E-5 1.6E-4

3 MAAP 1.0 6.0E-2 4.85-2 1.9E-4 3.1. -4 9.5E-2 1.2E-4 9.0E-6 8.5c-5 1.1E-1 5.9E-3 2.7E-7

4 Roc (Use STC 5)

5 MAAP 1.0 8.7E-2 4.0E-2 7.8E-4 7.88-4 1.3E-1 5.6E-4 2.4E-5 2.4E-4 1.25-1 4.3E-3 5.4E-7

|
i
i 6 Rec (ure STC 5)
I

7 Rec (Use STC 8)

|
I $ MAAP .85 6.2E-3 1.6E-2 5.8E-7 5.2E-8 6.5E-3 3.9E-6 2.2E-9 6.6E-9 5.0E-3 3.4E-4 .1E-4

|

9 Ree (Use STC 11)

10 MAAP .99 1.4E-1 1.0E-1 2.4E-6 1.1E-6 1.1E-1 3.3E-4 3.3E-8 2.2E-1 1.6E-2 8.6E-4 9.3E-4

11 MAAP .62 3.1E-2 4.6E-3 2.9E-7 2.5E-7 2.9E-2 3.7E-7 1.1E-8 8.3E-8 1.3E-3 5.7E-4 1.0E-8

12 Roc (Zero Releasel

13 MAAF .92 9.9E-2 7.6E-3 1.8E-4 9.2K-3 1.0E-1 1.3E-3 1.3E-6 4.9E-4 5.1E-2 < E-8 < E-8

14 MAAP .89 1.2E-3 1.6E-4 6.5E-4 3.3E-4 1.1E-3 5.5E-5 4.8E-4 5.9E-8 1.9E-3 < E-8 4 E-4

15 Rec (Use STC 13)

16 Rec (use STC 131

17 Rec (Use STC 13)

18 Roc (Use STC 13)

19 Rec (Use STC 133

20 Rec (Use STC 13)

21 MAAP .96 1.4E-4 1.6E-7 < E-8 < E-8 9.1E-6 < E-10 < E-10 < E-10 1.2C-4 < E-8 < E-8

22 Rec (Use STC 13)

23 PAAP .96 2.3E-7 1.4E-8 < E-3 < E-8 8.8E-6 < E-8 < E-4 < E-8 2.0E-7 < E-8 < E-8

24 Rec (1ero Release)

- . - . _ ,
.
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TABLE 4.7.3-4 RECOMMENDATIONS FOR RELEASE FRACTIONS
'

FOR UNANALYZED SOURCE TERM CATEGORIES

Containment Recommended
Failure Alternate

STC No. Time Sprays STC No. Justification Bases

12,24 No CF N/A Assume Zero Release.

4 Early CF Late 5 Conservatively ignore Late
Sprays.

6 Early CF No 5 Conservatively ignore the
No pool bypass case.

7 Late CF No 8 The rupture si: e associated
with the penetrataon failure
(3.5 sq ft) relatively large
and is sufficient to model the
anchorage failure (20 sq ft).

9 Late CF No 11 Conservatively use the venting
release which would occur
earlier than penetration
failure.

15 - 18 Early CF Late /No 13 These Early CF categories which
contribute less than 0.002 of
the total release fraction can
be conservatively modeled as

, having the containment failed
at core damage with early pool
bypass.

19,20,22 Late CF No 13 The Late CF categories which
contribute about 0.0004 of the
total release fraction can be
conservatively modeled as
having the containment failed
at core damage with early pool
bypass.

9
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) - TABLE 4.7.3-5 MAAP FISSION PRODUCT SPECIES
'

: y ---

Specie Specie
Number I.D. Composition

1 NOBLES Noble Gases and Radioactively Inert Aerosols

1

2- .CSI CSI + RbI

|

3- TE02 Te0, |
|

4 SRO Sr0 |

|

5 MOO 2 moo, i

-6 CSOH CsOH + RbOH

= f~')N :( 7 BAO Ba0
,

|:
' '

8 IA203 La,0 + Pr,0, + Nd,0 + Sm,0, +-Y,0,
3 3

9 CE03 CeO,

10 SB Sb

11 'TE2 Te,

12 UO2 00, + NpO, + PuO,.

Notes: see following pager

i
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TABLE 4.7.3-5 (Continued) MAAP FISSION PRODUCT SPECIES

Explanation of Species Notes

Specie (1): The Specie (1) vapors represent the noble gases. The
Specie (1) aerosols are used to represent all non-radioactive
aerosols (except for water droplets which are tracked separately
in the thermal-hydraulic routines). The aerosol and deposited
masses represent the core structural materials along with any
concrete aerosols generated ex-vessel. The Specie (1) solid
aerosols are assumed to have negligible vapor pressure at the
temperatures of interest except in the core or core debris. The
vapor pressure assumption used in the core and core debris are
discussed in the write-ups for subroutines FPRATP and MCICXA.

Specie (2): This specie represents the compounds CSI and RbI.
all of the iodine is assumed to combine with the alkali fission
products since the molar ratio is about 10 to 1 in favor of cesium
and rubidium. Due to the dominance of cesium, Cs1 properties are
chosen.

Specie (3): This specie represents tellurium that is oxidized to
Tellurium released in-core is assumed to form Teo

Teo$c.dir tly. Tellurium released ex-vessel is assumed to be
elemental; it is allowed to oxidize to Teo, in the cavity if steam
or oxygen are present (see subroutine MrIoXA).

Specie (4): Strontium is primarily released in elemental form
ex-vessel and is assumed to oxidize to Sr0 in Containment.
In-vessel release is also assumed to lead to Sr0 formation.

Specie (5): this specie is Moo . This chemical state is assumed
since molybdenum is-thought to be mainly released during concrete
attack.

Specie (6): this specie includes CsOH and RbOH. It represents

any cesium and rubidium that is left over after combination with
iodine.

Specie (7): this specie is Bao. Barium behaves similarly to
strontium due to its chemical periodicity.

-Specie (8): This specie represcnts the lanthanides. All

sesquioxides in the lanthanide series are grouped together due to
similar chemical behavior. These are rather nonvolatile, but
in-vessel release is allowed. They are believed primarily to be
released ex-vessel as monoxides, which are further oxidized in
Containment.

O

_ -
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(D TABLE 4.7.3-5 (Continued) MAAP FISSICH PRODUCT SPECIES

\}

Specie (9): Cerium behavior is similar to lanthanide behavior but
stoichiometry and vapor pressure differ enough to warrant a
separate group.

Specie (10): Antimony is released in-vessel and ex-vessel in
elemental form.

Specie (11); Tellurium released ex-vessel which doesn't oxidize
in the cavity remains " frozen" as Te,.

Specie (12): Uranium and the transuranics are grouped separately
from the other fission products such as cesium because of their
different radiological characteristics. These are only released
ex-vessel, and are assumed to oxidize (or reduce) to the dioxide
form in Containment.

f

|
-

|

|
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TABLE 4.7.4-1 DOMINANT SOURCE TERM CATEGORIES

Source Term Percent of
Rank Category Frequency Total CDF

1 24 3.39E-6 26.65
2 23 2.45E-6 19.23
3 1 1.90E-6 14.96
4 12 1.58E-6 12.42
5 11 8.92E-7 7.00
6 8 6.67E-7 5.26
7 14 4.86E-7 3.82
8 2 4.29E-7 3.37
9 10 3.79E-7 2.97

O

O

r
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TABLE 4.7.4-2 IMPORTANCE OF PLANT DAMAGE STATES TO RELEASE CATECORIES

Total Frequency - 1.27x10"

Source Percent Percent
Term PDS of STC STC of Total
Category No. Frequency Frequency Frequency

SK 1 1.90E-6 14.96%

PDS 73 64 1.22E-6
PDS 69 13 2.56E-7
PDS 65 8 1.56E-7
PDS 63 5 8.98E-8
PDS 71 3 6.14E-8
PDS 66 3 5.32E-8
PDS 67 2 2.91E-8
PDS 70 2 3.23E-8

SK 2 4.29E-7 3.37%

PDS 65 32 1.38E-7

O PDS 71 26 1.11E-7
PDS 63 18 7.94E-8
PDS 67 12 5.26E-B
PDS 66 11 4.68E-8

STC 3 2.s6E-8 0.231,

PDS 25 53 1.56E-8
PDS 20 21 6.25E-9
PDS 32 14 4.11E-9
PDS 9 2 5.10E-10
PDS 1 1 3.46E-10
PDS 53 1 1.88E-10
PDS 8 1 1.55E-10

SK 4 4.89E-8 0.38%

PDS 53 68 3.33E-8
PDS 25 20 9.71E-9
PDS 32 4 1.88E-9
PDS 20 3 1.71E-9
PDS 1 3 1.65E-9
PDS 9 1 3.47E-10
PDS 8 1 2.75E-10

-
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Source Percent Percent
Term PDS of STC STC of Total
Category No. Frequency Frequency Frequency

STC 5 6.16E-8 0.48%

PDS 56 55 3.40E-B
PDS 53 18 1.11E-8
PDS 61 10 6.26E-9
PDS 25 5 2.87E-9
PDS 36 2 1.02E-9
PDS 20 1 8.51E-10
PDS 32 1 6.28E-10
PDS 58 1 6.18E-10
PDS 1 1 5.15E-10

STC 6 7.90E-10 0.0062%

PDS 25 70 5.50E-10
PDS 20 10 8.14E-11
PDS 32 9 6.95E-11

SK 7 2.55E-7 2.00%

PDS 61 36 9.25E-8
PDS 25 23 5.80E-8
PDS 9 19 4.91E-8
PDS 1 4 9.25E-9
PDS 62 3 7.52E-9
PDS 8 2 5.99E-9
PDS 32 1 3.66E-9
PDS 4 1 3.20E-9
PDS 20 1 2.02E-9

STC 8 6.69E-7 5.26%

PDS 61 78 5.24E-7
PDS 25 8 5.15E-8
PDS 62 6 4.26E-8
PDS 9 2 1.24E-8
PDS 1 1 4.96E-9

SK 9 1.45E-8 0.11%

PDS 40 37 5.40E-9
PDS 1 5 7.24E-10
PDS 32 2 2.85E-10

|

PDS 8 2 2.55E-10
PDS 4 2 2.44E-10
PDS 20 1 1.58E-10
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[ Source Percent Percent
Term -PDS of STC STC of Total''

Category No. Frequency Frequency Frequency

STC 10 3.79E-7 2.97%

PDS 56 62 2 36E-7
PDS 58 16 6.08E-8

'

PDS 37 2 8.13E-9
PDS 36 2 7.15E-9
PDS 4 2 6.53E-9
PDS 38 1 4.06E-9

STC 11 8.92E-7 7.01%

PDS 56 88 7.88E-7
PDS 36 3 2.36E-8
PDS 37 2 1.70E-8
PDS 4 2 1.59E-8
PDS 38 2 1.41E-8

STC 12 1.58E-6 12.42%

/" PDS 53 84 1.32E-6
T PDS 25 4 7.04E-8
s

PDS 1 4 5.99E-8
PDS 54 2 3.49E-8
PDS 9 2 3.48E-8
PDS 32 2 2.61E-8
PDS 20 1 1.32E-8

STC 13 8.58E-8 0.67%

PDS 71 68 5.81E-8
PDS 67 32 2.76E-8

.STC 14 4.86E-7 3.82%

PDS 71 68 3.29E-7
PDS 67 32 1.56E-7

STC 15 1.68E-8 0.13%

PDS 32 52 8.7BE-9
PDS 20 45 7.61E-9
PDS 53 1 1.14E-10
PDS 56 1 8.52E-llfp

__ _ .__ _ _ ___ _
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Source Percent Percent
Term PDS of STC STC of Total -

Category No. Frequency Prequency Frequency

S K 16- 6.06E-9 0.048%

PDS 20 53 3.22E-9
PDS 32 45 2.71E-9
PDS 53 2 1.28E-10

S K 17 2.00E-9 0.016%

PDS 32 45 9.02E-10
-

PDS 20 38 7.68E-10
PDS 56 5 1.07E-10
PDS 53 1 1.54E-11

SK 18 7. 9's E-10 0.0063%

PDS 20 34 2.73E-10
PDS 32 32 2.54E-10
PDS 53 1 1.18E-11
PDS 56 1 7.99E-12

*
STC 19 3.46E-9 0.027%

PDS 40 83 2.89E-9
PDS 53 6 2.05E-10
PDS 56 5 1.56E-10

.

SK 20 9.48E-11 0.00074%

PDS 53 55 5.18E-11
PDS 56 41 3.92E-11
PDS 40 3 3.27E-12

SK 21 1.76E-8 0.14%

PDS 40 93 1.64E-8

STC 22 1.79E-9 0.014%

PDS 3 55 9.91E-10
PDS 56 30 5.35E-10
PDS 36 1 1.40E-11

0

1

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Source Percent Percent

>
/. .(,) Term PDS of STC STC of Total

,

Category No. Frequency Frequency Frequency

STC 23 2.45E-6 19.23%

PDS 56 96 2.34E-6
PDS 36 3 7.02E-8
PDS 3 1 1.55E-8

Sir 24 3.39E-6 26.651,

PDS 53 91 3.07E-6
PDS 1 5 1.74E-7
PDS 32 2 7.44E-8
PDS 20 1 3.82E-8
PDS 8 1 3.45E-8

, ~\
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5.0 LTr1LITY PARTICIPATION AND INDEPENDENT REVIEV TEAM
;

5.1 IPE ORGANIZATION

t

The organizational structure for the IPE is shown in Figure 5.1-1. The team
vas put together to optimize the CEI resources while meeting the requirements
of Generic Letter 88-20. A consultant was retained to provide probabilistic
risk assessment technical management and technology transfer, in order to
produce the results vithin the three year time frame. Up to five engineers
from the Perry staff vere assigned to be team members, three of whom vere !

dedicated full time to the project. However, the consultant, Halliburton NUS ;
Corporation, retained overall responsibilities for the technical aspects of ,

the work. This approach helped to optimize the IPE process by ensuring that !personnel with in depth plant knowledge performed the detailed analysis under i

the guidance of personnel vith vide experience of PRA performance and
application.

A breakdovn of the tasks and the participation of the CEl and Halliburton NUS
personnel is shovn in Figure $.1-2. It can be seen from the table that CEI
personnel participated in all tasks enabling significant technology transfer
in all areas.

5.2 INDEPENDENT REVIEV
^

As shovn in Figure 5.1-1 the independent reviev and peer reviev vas performed

O by station and corporate personnel and consultants. The consultants were ,

tetained for two reasons. First, among the CEI staff at Perry there was *

little prior experience vith elthen core damage or accident progression ,

analysis, tierefore it was necessary to find experienced personnel outside
CEI.- Secone, in the case of the Level I reviev station engineering and
operations staff vere able to provide good insights into the details of ,

system modeling and personnel response, but again had little experience in"

PRA and modeling techniques. The personnel who performed the independent
review of the Level 1 (RAPA) and Level 2 (ERIN contracted and EPRI peer
reviev) are listed in Figure 5.1-2.

The review by the corporate staff involved a detailed review of the system
models by design engineers and a detailed review of the accident sequence
models by operators. Each of the system notebooks vere reviewed by
responsible design engineers. Before the reviev effort, design engineers
vere given training in probabilistic risk assessment methodology. The
reviews took place as the system notebooks vere completed between July 1990
and January 1991. Comments were documented and addressed.

The initial operations reviev took place in August 1990. Two licensed
operators were assigned f_ull time to the IPE project for a two veek period to
review the accident sequence models. As the operators worked directly with
the IPE staff any comments vere immediately- addressed and incorporated into
the models. Following quantification, the dominant sequences vere reviewed
by the licensed operators responsible for the Plant Emergency Instructions

y (PEls) taken from the Emergency Plant Guidelines (EPGr). The coordinator of ,

|. this effort was a Shift Supervisor.

L

! Page 5-1

|
|
_ _ _ _ _ _ _ _ ._ . _ _ _,. _ _ .. _ . _. _ ._._. _ . _ _ . . _ _ _ . _ . _ _ _ - . . -



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

The primary reviewer from RAPA has 11 years experience in performing and
reviewing probabilistic risk assessments. Tvo independent reviews by RAPA
have taken place at appropriate intervals during the IPE effort. Phase 1
covered initiating events, accident sequence analysis, and system modeling
and was cotapleted in Hatch 1991. Phase 2 covered common cause and dependency
analysis, data base, human interactions, internal flooding, and sequence
quantification and vas cornpleted in April 1992.

The Level 2 Independent reviev by rRIN vas directed by the General Manager of
BVR Technology, Dr. Edvard Burns, who has over 10 years of experience in the
field of probabilistic risk assessment, severe accident analysis, and
emergency procedure exan.ination. The Level 2 independent reviev commenced
with a onsite meeting in June 1991 to reviev the initial vork completed on
the plant model development with the NAAP parameter file and on the _

containment capacity analysis. A second enecting in March of 1992 teviewed
the Level 2 analysis scope from the plant damage state grouping to the
development of the Accident Progression Event Tree and on to the source term
category release niodel . During this March meeting, Dr. Edvard rullet, the
EPRI Modular Accident Analysis Program (HAAP) Program Director, graciously
participated as an peer reviewer. The final ERIN reviev scope included the
HAAP accident progression analysis and the Level 2 IPE submittal. The Level
2 Independent Reviev was completed in July 1992.

f.3 AREAS OF REVIEV AND HAJOR COMMENTS

5.3.1 Level 1 Reviev

The general areas of review for each of the reviewing organizations is listed
above. Each review vas performed on the analysis files available at the time
the review took place. The majority of the comments by the design engineers
resulted in changes to the descriptions of system design and operation in the
system notebooks. Only a fev minor modeling changes resulted from this .

review. Changes to the sequence models from the operations reviev vere
discussed and made at the time the reviev vas being performed.

RAPA provided a report for each of the review phases. In addition to
individual comments summary comments vere provided. Summary comments from
Phase 1 are listed belov:

1) The assumption not to model elect it power into the support systems
must be adequately defended. The logical means of doing this is

through the use of dependency matrices.

2) More than ene special initiator, Loss of Control complex Chilled.

Vater, vill have to be modeled as initiators. Some of the cooling

vater systems and the air systems should also be modeled as
initiators.

3) The level of detail and the breadth of the station blackout event
trees is impressive. These are some of the best representations of

this cornplicated event for a BVR that have been seen.

The summary comments from the second phase of the reviev are listed

Page 5-2
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below.-

In general, no major deficiencies vere identified in the process used in
the Perry PRA. Some of the comments question specific values used in the
quantification process. However, it is not felt that any of the comments <

call into question the overall process or results of the PRA to date.
The most significant issues that vere identified in the Phase 2 reviev
are

1) The conclusion that no coupled human errors survived truncation is
somevhat surprising. Although the use of-BVR EPG based procedures
does justify the decoupling of many actions, some coupling vould still
be expected to occur just because of time coincidence of actions.

2) Some of the specific data values, such as those for RCIC and the
~

diesel generators, are different than those generally quoted in the
literature.

3) The overall importance of plant specific maintenance unavailability on
core- damage frequency vas startling. This vas particularly true of
events where an entire division of ECCS vas taken out for maintenance
at one time. This may in fact identify a plant specific
. vulnerability.

The remainder of-the comments are minor and when resolved, vill provide

O
a good basis for documenting the development process of the PRA. Many of
the comments may be resolved by the addition of documentation.
Therefore, resolution of the comments vill provide documentation of the
quantification and assembly process.

.

5.3.2 Level 2 Reviev

ERIN provided a report for each of the reviev phases after the initial
site visit which are summarized below. Also included is the EPRI HAAP
Program Director's peer reviev participation in the March 1992 meeting.

ERIN IPE Senior Review - March 1992 Heeting

The following aspects of the PNPP IPE process vere effectively presented
at the review meeting:

1) A summary presentation

2) Responses to questions

3) A discussion of applications '

Based on the lucid' presentation, an appreciation of the breadth and depth
of the Perry IPE vas obtained. The major-vritten report section included
in the reviev was the containment structural analysis. The review of
this report, draft sections 4.3 and 4.7 of the back-end analysis report

O and the presentation by the Perry Level 2 analyst resulted in the
following conclusions.

Page 5-3
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o It was clear from the reviev that PNPP has accomplished the
objectives of the NRC Severe Accident Policy Statement Generic
Letter 88-20 and the IPE Guidance Document NUREG-1335.

o The basic assumptions and methods are state-of-the-technology.

o The IPE is very useful and it is expected that the report vill
reflect the thoroughness and rigor of the analysis upon which it
is based.

A list of summary comments was provided which was judged to be minor by
the revievers with respect to the goals of the IPE, but may be useful in
finalizing the current version of the IPE and updat.ing the IPE in the

future.

It was observed that the MAAP analysis is among the most comprehensive
and complete evaluations performed by any BVR utility, and the insights
gained from these analyses vill be valuable in establishing the accident
management actions appropriate for Perry.

EPRI IPE Senior Reviev - March 1992 Meeting

Dr. Edvard Fuller, the EPRI Modular Accident Analysis Program (MAAP)
Program Director and Manager of Nuclear Reactor Safety, also attended the
March 1992 meeting with ER1H. In addition, five station blackout MAAP

runs vete reviewed offsite to investigate the effects of hydrogen
combustion that may cause containment failure early. Dr. Fuller's
meeting report noted the thoroughness of the back-end analysis and the
insights identified.

ERIN Reviev of MAAP Analysis To Support The Perry IPE - May 1992

The indapendent review of the Perry IPE MAAP analysis vas performed by
Jeff Gabor of Gabor, Kenton and Associates. The reviev included the
following items.

1. Validation of MAAP 3.0B Revision 7.02

2. Perry Parameter File and nther related I/O files

3. Results of sequences without the hydrogen ignition system

4. MAAP prediction for peak pedestal pressure

5. Sample MAAP output

6. MAAP sensitivity analysis scope

The comments from this MAAP revitv identified opportunities for
additional accident progression analysis, but vere judged not to

materially affect the basis conclusions of the analysis.
O
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ERIN Review of the Perry Level 2 IPE Submittal - June & July 1992

The Perry IPE submittal is a thorough and technically sound analysis.
The IPE framevotk vill be very useful to cleveland Electric in the future
as the basis for the "living" PRA. Because the Perry IPE is a living ;

PRA, i t is judged appropriate to submit the results when CEI is ready to- '

support the IPE commitments. The comments provided previously and ;

enclosed .can be resolved in the future, and are judged not to materfally
affeet the basic conclusions of the analysis. Several suggestions and
comments are included to enhance the presentation to the NRC.

;

3.4 RES0lVT10N OF COMMENTS

The comments discussed above have been resolved. The process of
resolving- the comments consisted of evaluation by the IPE team,
communication with the reviewing organization to_ clarify any issues and

.

subsequent decision by the IPE team on comment resolution. The !
resolution was documented on the comment forms.

~

__5.4.1-Resolution _of Comeents_on Levelj |
'

For the_ summary comments noted above the resolutions are noted below:

Phase 1 i

1) Electric power to each of the components modeled in the support
systems 'vas traced back through the 120 V and 480 V circuits to the
4,160 V buses. Dependency matrices vere developed as the tracing was
performed. The switchgear and NCCs for these are not crosstied but i

divisionally separated. They are also housed in the same room by
division. Therefore, any common event affecting one bus vould affect
them all.

,

2) Special initiators vere also developed for the Loss of Instrument Air
and -Loss.of Service Vater events. The loss of other _ cooling vater
systems are bounded by these initiators or by the other initiating
events such as. loss of feedvater.

3) No response necessary.

{ Phase 2
- -

,

-1.- At. the . time .of the reviev the human reliability . analysis vas
undergoing internal review. This resulted in the identification of
major coupling of HIs .in some of the ATVS sequences and in the
initiatinn of some~ systems. This has resulted in modification to the

'human reliability modeling and quantification.-
'

,
- 2. The values used for the failure to start and run for RCIC and HPCS are

those used in the Grand Gulf study done on behalf of the NRC. Plant'

O..
specific data for these failure modes was not available at the time
the IPE started due to insufficient operating history. This is in
line with the declared intention in the IPE of using data from the
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| Grand Gulf study.

3. Due to the irnportance of this contributor, plant-specific data for the
most recent operating cycle has been used for the llPCS and RCIC
systerns in the final quantification .if the core damage f requency, tiov
that Perry has achieved sufficient operating experience it is expectedthat more plant-specific data vill be used in future modifications tothe plant model. Note that maintenance did not appear as avulnerability although it is important.

( 5.4.2 Resolution of Comments on Level 2

Since the Level 2 comments did not materially affect the basicconclusions of the back-end analysis, no resolution response vas
required.

| 9

,
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Level 1 Inder Rev CEI NUS Discipline
RAPA --- 7.P. Nuclear Manager
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6.0 POTFNTIAL Pl>Mr THPROVEMlWTS AND UNIQUP. SAFETY PEATURES

The analysis of the Perry plant is the fourth Probabilistic Risk Assessment
of a BVR6 and therefore it is possible to compare features of the various |

designs and the way in which such features either enhance the safety of the
plant or represent a vulnerability in terms of other core damage or fission
product release. The presentation of the results in section 3.4 identifies
the 'ndividual contributions to core damage, and in section 4.5.3 identifies

'

the contributions to containment failure.

6.1 UNIOUE SAFETY FEATURES

The safety features associated with the current design and operation of Perry
which contribute to the base case core damage frequency or prevention of
containment failure or bypass are discussed in this section. i

6.1.1 Core Damage Safety Features

There are a number of unique features at Perry which help to minimize the '

frequency of more damage from certain initiating events.

There is a motor driven feed pump which is normally in standby and vill start
on receipt of an automatic signal at level 2, follovir.g failure of the

turbine driven pumps. Thus there are effectively three high pressure ,

i-injection systems availabic to respond to loss of power conversion system or
main steam isolation events. This has the effect of reducing the core damage

( frequency from such events.

The original design for the Perry site vas for two units. Although cr.ly one
unit has been completed, many of the support systems for the second unit were
completed. For example, there are two sets of batteries for the

safety-related DC buses. In the event of a loss of offsite power or station
blackout the operators are instructed, by procedures, to use both sets of
batteries to support Unit 1 operation thus considerably extending the
availability of de in this situation. The impact of this is to reduce the
contribution from station blackout in relation to loss of offsite power. If

it vas-not possible to use the second battery, the core damage from station
blackout would be dependent on earlier recovery of offsite power which vould
raise the core damage frequency.

The diesel generator which supplies the HPCS system is not the same size or
design as the two diesels supplying the emergency bus bars so common cause
failure of all three diesel generators is less likely to occur. Similarly

the differences in design between the emergency service vater train for HPCS
and the other emergency service water trains vill lessen the probability of
common cause failure of all three trains.

The facility exists to cross connect the supply from the HPCS diesel
generator to the Division 2 emergency bus, which enables the containment vent
valves (and potentially hydrogen ignitors) to be povered in the event of loss
of offsite power and failure of both Division 1 and 2 emergency diesel

l generators. This reduces the frequency of core damage sequences as the
>* result of station blackout.j

.

!
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6.1.2 UMaue and/or Irnportant Containment Features

The most significant feature in the design of the containment are the
expected failure modes folloving a slov overpressurization following loss of
containment heat removal (where RIIR suppression pool cooling or containment
sprey, and containment venting have failed). The evaluation of containment
overpressure in section 4.4.3 determined the gradual overpressure conditional
probability of anchorage failure given containment failure is 0.15.
Anchorage failure vill result in loss of the suppression pool and most likely
vill f ail all c,ther injection sources. Thus anchorage containment failure |

has the effeet of resulting in core damage as well as suppressien pool |

bypass. Additionally, any failure of the containment is likely to pressurize
the silicone foam seal on the adjacent auxiliary building and cause failure
of the ECCS pumps.

6.2 PLANT DESIGN CONSIDERATIONS

The sensitivities and vulnerabilities analysis discussed in section 3.4.2
showed that according to the definition in the NUMARC document there are no
vulnerabi: : cies associated with core damage, llovever a number of items vere
identified which vould lead to a reduction in the core damage frequency.

Similarly the containment analysis discussed in section 4.5.3 identified the )
dominant contributors to containment failure. Some potential design
considerations which would reduce the core damage frequency and containment

;

failure frequency are discussed in the following sections. It must be'

stressed that the potential design considerations are strictly conceptual.
The feasibility of implementation (e.g., code compliance, materials

,

)
availability, regulatory acceptance, cost justification, etc.) has not been
evaluated.

6.2.1 Plant Improvements Made Due to IPE Insights

During the course of the IPE a number of areas vere identified where changes
to procedures or plant design vould res'ilt in a reduction in core damage

frequency. The following changes vere impleme'ated:

Loss of Offsite Power Instruction

- Retention of RCIC isolation bypass for high steam tunnel temperature

Enhanced process for crossticing Unit 1 and Unit 2 batteries-

- Enhanced process for offsite power recovery to !!PCS and alternate
injection system buses

Flooding Instruction

- Enhanced response instructions for flooding scenarios

System Modifications

- ADS automatic initiation

Page 6-2
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" Fast Firevater" tie between Fire Protection and HPCS-

Permanent Division 3 to Division 2 " quick" connect-

Reduction of Out-of-Service Time for certain critical components-

6.2.2 Design Considerations for Reduction in Core Damage Frequency

Section 3.4 provided a discussion of the sensitivity analysis performed for
the Perry IPE. In addition to the safety features discussed above, an
analysis of reveral other potential design considerations were provided.
These changes to the plant are described below. The impact of making each of
the changes is summarized in Table 6-1.

Pass,1ve Containment Vent Path

One of the sensitivity analyses performed vas to assess the impact of
containment failure on loss of RPV injection and subsequent core damage. The
addition of a passive containment vent path that does not depend on AC power
vould reduce the core damag internal and flooding events by
18 percent or from 1.3 X 10'g frequency frpmto 1.1 x 10'

Automatic ADS Inhibit for A WS

one of the contributors to core damage frequency for A WS is manually
inhibiting ADS. By installing an automatic inhibit of ADS, those A NSO sequences

to1.0X10'}1 core
in which manual inhibit fails would drop out. We overa

4damage frequency is reduced by 19 percent from 1.3 X 10 We.

sequences resulting from this failure result in an uncontrolled flow to the
RPV from the low pressure injection systems with subsequent core damage and
containment failure. The addition of the auto inhibit would reduce the
frequency of this set of sequences.

6.2.3 Design Considerations for Reduction in Containment railure

he sensitivity of the frequency of containment failure to various
assumptions and potential design considerations is discussed in section
4.6.3. The design considerations are discussed below and the impact of
performing them is summarized in Table 6-2 and shown in pie charts in rigures
6.2.2-1 through 6.2.2-6.

Passive Containment Vent

, his consideration is described in section 6.2.2. As well as reducing the

10'puencies ofcontpinmentfailurebefore core damage sequences from 2.9 xfre
to 5.7 X 10' it will impact the fission product release with pool

failure and earl-bypass. We overall impact is~ to reduce:- the RPV x 10" to 4.5 x10'ycontainment failure with pool bypass frequency from 2.0
change), a structural failure frequency from 4.0 x

to9.9x10'pdthecontainment(-710'pt (-75% change). -

A WS Automatic ADS Inhibit & Alternate Shutdown

Automatic ADS Inhibit for AWS is described in section 6.2.2. The automatic
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ADS inhibit feature would directly reduce the core damage frequency.
AdditionalJy, providing an enhanced instruction to control RPV Power / Level as
a function of containment pressure with a RPV vater level control band just
above the Minimum Steam Cooling Water Level would reduce reactor pawer within
the venting heat removal capability. This que.1 steady-state RPV Power / Level
control would provide a reasonable time for reactor shutdown recovery using
an alternate boron injection system. This potential change is cons

to reduce the containment f allure f requency f rom 5.6 x 10'yrvativelyassped to 4.3 x
10' . 'Ihis impacts the potential for containment failure and fission product
release with pool bypass. The overall impact is to reduce:from2.0x10'}urethe RPV fai
and early' containment failure with pool bypass frequency to

f rom 4.0 x 10'}4% changH,to 3.5 x 10',and the containment structural
failure frequency1.8 x 10 (-

(-13% change).

Secure Electrical Supply to Hydrogen Ionitors

Supplement No. 3 of Generic Letter 88-20 identified that Mark III
containments are expected to evaluate the vulnerability to interruption of
power to the hydrogen ignitors. The modification of the electrical supply to
the hydrogen ignitors to ensure availability during station blackout would
remove the possibility of high containment loads from hydrogen deflagrations
and detonations. The overall impact is to slightly reduce: the RPV failure
and early containment failure with pool bypass frequency from 2.0 x 10-6 to
2.0 x 10-6 (-2% change), and the containment structural failure frequency
from 4.0 x 10" to 3.8 x 10" (-6.7% change).

Combined Passive Vent & A'IWS Automatic ADS Inhibit & Alternate Shutdown

The combination of the two considerations discussed above would reduce
significant contributors to core damage as well as containment failure. The

im the core damage frequency from 1.3 x 10" to
x 10" pact is to reduce:overall

(-41% change), the RPV failure and early contairunent failure with7.7
pool bypass frequency from 2.0 x 10'' to 1.6 x 10'' (-92% change), and
the containment structural failure frequency from 4.0 x 10" to 4.6 x 10"
(-89% change).

Combined Passive Vent, A'IWS Modifications and Hydrogen Ignition Power

The combination of these three changes together, further examines the impact
of backup power to the hydrogen ignitors in with the passive vent and the
A'IWS modifications discussed above. The overall impact when compared to the
base case is to reduces the RPV failure and early containment failure with

bypass frequency from 2.0 X 10" to 1.1 x 10-'
structural failure frequency from 4.0 x 10"(-94% change), pnd the

pool
to 1.0 x 10' (-62%containment

change).

6.3 PROGRAM FOR INCLUSION OF PLArn DESIGN CHANGES

As stated earlier the core damage frequency from all initiators is 1.3 x 10"
and there is no class of sequences contributing above 1.0 x 10" which
indicates there are no vulnerabilities at the Perry Nuclear Power Plant. The
study has been performed using industry generic data for the majority of data
(the raajor exceptions being the maintenance unavailabilities and a detailed
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O analysis f the human interaction). The indication from the last two
operating cycles is that the plant-specific initiating event f requencies are
lower than those used in the study. As it is the intention to use the
results of this study as a living PPA it is expected the study will be
updated using plant-specific data, when available, starting in 1994, after

developwnt of the procedures for collection of data and the management of
the living PPA have been developed. The use of the plant-opecific data will
enable a reassessment to be mde of the design changes identified in the
current base case study.

_

O

.

O
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Table 6-1

Impact of Design Chan6e Considerations on Total Core Damage Frequency

Approx CDP Percent
Modification After Chaugn,

Passive Vent Path 1.1E-5 -20

Automatic ADS Inhibit for ATVS 1.0E-5 -22

Combined 7.7E-6 -41

Note: The impact of the passive vent path vill have an equivalent
effect in reducing the core damage frequency due to flooding.

O
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tam 1A 6-2 InrMT or ts;stus ntAssat (tauRits: RAT!tsel (as (turTMisearr FM1 Ants Frug.1xT ]

\

(1) (2) (3) (4) ($)
MSC IASSIVE MWs H18 # AS$1VF. I'A381VE Vth"T. <

CASE Vttrf ALTPRA7 E MCrVI' Ytter, A1W8 ALT S/D
SHW1OfH ItltftR ALT $/D & Afd INH!llt?.
6 Af4 SVFFt.Y a ADS 718 MCWP
INH 1DIT INHIBIT IOftR $VFFY

No PW Failutes No Contaitunent Fallute 3.30E-6 3.39t-6 1.82t-6 3.42C-6 1.82t-6 1.4$t-6
(26.7%) (32.6%) (17.6%) (26.9%) (22.7%) (23.1%)

Vent 2.4%z-6 2.62r-6 2.81t-6 2.45t-6 3.20t-6 3.248-6
(19.3%) (28.1%) (27.2%) (19.3%) (41.0%) (41.0%)

Containment F. 6.182-7 2.67t-4 6.10E-7 $.93t-1 2.882-8 3.588-9
( 4.9%) t 0.3%) ( 6.0%) ( 4.7%) ( .4%) ( .04%)

$ubtetal No RrY Failure Core tes.sgo freq 6.46t-6 6.34t-6 5.25t-6 6.46t-6 $.13E-4 6.138-6
($0.4%) (61.0%) ($0.9%) (50.4%) (64.1%) (64.1%)

P1'V Failures No Contatrtment Fa11uta 1.$8t-6 1.58t-6 9.06t-7 1.79t-6 9.06t-1 1.12t-6
(12.4%) (1$.2%) ( 8.8%) (14.1%) (11.3%) (14.0%)

Vent 1.275-6 1.$2t-6 1.30t-6 1.312-6 1.f tt-6 1.b9t-6
(10.0%) (14.6%) (12.$t) (10.3%) (19.3%) (19.8%)

Late Contairunent Failute 9.38t-7 2.46t-7 9.39t-7 1.31E-7 2.46t-1 3.2$t-6'

( 7.4%) i 2.4%) ( 9.1%) ( $ 7%) ( 3.1%) ( 0.4%)

G Early CF No Pool Ifyrase 4.30E-7 2.67E-7 1.45t-7 4.30E-1 2.$35-0 2.50t-6
( 3.4%) i 2.6%) ( 1.8%) ( 3.4%) ( 0.3%) ( 0.3%)

Late Pool pypass 1.54t-6 2.26t-7 1.34E-6 1.53t-6 3.58t-4 2.54t-4
(12.1%) ( 2.2%) (13.0%) (12.0%) ( 0.4%) ( 0.3%)

terly I'B, Spray 6.12t-8 6.125-6 3.745-8 S.12t-4 3.145-8 2.14t-6
( 0.$t) ( 0.6%) ( 0.4%) ( 0.4%) ( 0.5%) ( 6.3%I

tatly I'B, No Spray 4.4$t-7 1.61t-7 3.67t-7 4.22E-7 6.36E-9 6.0$t-6
( 3.$%) ( 1.5%) ( 3.6%) ( 3.3%) ( 1.0%) ( 0.8%)

Aubtotal RW Failure coto Damage Freq 6.270-6 4.06t-6 $.08t-6 6.27t-6 2.87t-6 2.44t-6
(49.2%) (39.0%) (49.1%) (49.2%) (35.9%) (3$.9%)

70tAL cost twtAot FREQUENCY: 1.275-5 1.04t-6 1.03E-S 1.275-$ 8.012-6 6.015-6
>

(100%) (100%) (100%) (100%) (100%) (100%)

Subtotal contairunent venting Frequency: 1.725-6 4.43E-6 4.11t-6 3.160-6 4.82t-6 4.47t-6
(29.2%) (42.6%) (39.8%) (29.5%) (60.2%) (60.8%)

Subtotal Cntet $ttuctural railuto Freq1 4.03E-6 9.92E-7 3.49E-6 3.76E-6 4.60E-7 1.7$t-7
(31.7%) ( 9.5%I (33.8%) (29.5%) ( $.7%) ( 2.2%)

77tAL CofffAltMttrT FAltURE & VttfTING FRIQt 7.76t-6 $.43C-6 7.600-6 7.52t-6 $.28E-6 $ 04E-6

(60.9%) (52.2%) (73.6%) (59.1%) (6f.9%) (63.0%)

P.W FM1A'Et & EARLY CofffAINMtttt FAllAfRE
W1711 FOOL DYFASS Fl:EQUENC'Yt 2.04t-6 4.48t-7 1,750-6 2.00E-6 1.$7E-7 1.14t-1

(16.1%) 1 4.30 (16.9%) (15.8%) ( 2 0%) ( 1.4%!
g
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7.0 SUMMARY AND CONCLUSION

7.1 CORE DAMAGE FREQUENCY

Thepointesgimateofcoredamagefrequencyfrominternalinitiatingevents
is 1.2 X 10' per year and from internal flooding 1.5 X 10-' per year giving
an overall core damage frequency of 1.3 x 10" per year. Eighty-six percent
of the contribution from internal events comes from 21 sequences with a core
damage frequency greater than 10" per year and the contribution to internal
flooding comes from seven arpas in which floods will result in core damage
frequencies greater than 10-

The deminant accident S c M 'ng event type is anticipated transient without
scram at 40.7 percent, a w .an blackout contributes 19.3 percent and loss of _

offsite power contributes 12.3 percent. All other transients contribute 25.0
g percent and LOCAs 2.6 percent.

For the internal floods analysis, flooding in Zone 13, cont.ibute 57 percent ]'
and in Zone 17 contributes 21 percent.

The breakdown by class of initiator is shown in Figure 7-1, by internal
initiator in Figure 7-2, and by flood area in Figure 7-3.

1

p The plant-specific safety feature and design considerations are discussed at
length in section 6.0 and will not be repeated in this section. However it
is' considered appropriate to compare the results of this study with other

.O: published studies of BWR/6 plants to identify variations in the results and
possible reasons for these differences.

The Grand Gulf plant, a WR/6 Mark III very similar to the Perry plant, was
the subject of a recent analysis reported in NUREG/CR-4550 (Drouin, 1989).
The NRC study was performed using similar methodology, that is fault tree
linking, so it is possible to compare the results in terms of sequences _

contributing to core damage. As the Grand Gulf study did not include an
internal flooding analysis, only the results from the Perry internal analysis
are compared with the Grand Gulf rasti,s.

In add hion to comparing the results with those of previous studies, the
results are also evaluated against the Nuclear Management and Resources
Council (NUMARC) severe accident closure guidelines (NUMARC, 1992).

,

7.1.1 COMPARISON WITH GRAND GULF RESULTS

The major purpose of this study was to ensure that tM PFA model was
d neloped and understood by the CEI staff at Perry arf represented the
as-built as-operated condition at Perry as far as possible. Guidance for
performing the IPE indicated that heavy reliance could be placed on the
results of previous studies for similar plants (e.g., the Grand Gulf study).
However it was decided that if the completed PRA was to be used as a living
PRA, the success criteria and plant models would have to be developed for the

O- ns-built condition of the Perry plant and incorporate the latest
understanding of the BWR/6 response to A'IWS events, and the thermal hydraulic
performance of the core when the water level is below the top of the active
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level.

In addition a plant-specific human reliability analysis was performed in
order to incorporate the impact of the current emergency procedures at Perry
into the event and fault trees and to ensure that the dependencies between
the various operator actions are correctly modeled.

It can be seen in Table 7-2 that as the result of incorporating the plant
specific insights into the models and developing a completely new set of
eventandfapittreesthecoredamag"efrequencyfrominternaleventsatPerry
is 1.2 x 10- compared with 4.0 X 10 in NUREG/CR-4550 for Grand Gulf. The
results from the BWR6/s in Taiwan (Kuosheng) and Spain (Cofrentes) are also
included in Table 7-2 for comparison purposes. It was not possible to
compare the results with the utility developed IPEs for Grand Gulf, Clinton
or River Bend as the IPE submissions were not available at the time of
production of this report.

The only significant differences between Perry and Grand Gulf are in the
results for anticipated transient without scram, transients without the power
conversion system available and loss of instrument air. Some of the reasons
for thene differences are discussed in the following paragraphs.

It can bc secn from Table 7-2 that there is a wide variation in.the
assestarant of ATWS events in the four studies, ranging from less than 10" to
2.6 x 10" , a factor of over 250. The specific reasons for the differences

the Grand Gulf core damage frequency and th Perry frequency are thebetween
result of different success criteria being used in the two studies. In the &wPerry study the latest information from the BWR/6 ovners group that the High
Pressure Core Spray can not be used to maintain vessel level has been
factored in. In the Grand Gulf study, it was assumed that if HPCS started
successful injection would be achieved. When it is assumed that HPCS can not
be used for bigh pressure injection, the feedwater system becomes important.
Runback occurs following A7WS requiring the operators to take control to
restore feedwater injection and maintain level. The net effect is to place a
dependence on the operator to achieve the required plant status. The

of the operator actions based on a detailed evaluation of thequantification
PEI resulted in the core damage frequency of 4.74 x 10" for A7WS.

The only other two initiators which show a ignificant difference are the
Transient without PCS (1.7 X 10" at Perry compared with 1.3 x 10" for Grynd
Gulf) and loss of Instrument Air (1.0 X 10" compared with less than 10' ).
In the case of loss-of PCS the failure of recovery of PCS at Grand Gulf is
two orders of magnitude lower than at Perry. This is not in line with the
value generally used in other studies which has baen used in the Perry study.
Similarly, in the loss of instrument air analysis, it is considered that
non-conservative recovery actions have been used in the Grand Gulf study.

7.1.2 SEVERF ACCIDENT CLOSURE ISSUES

A concise definition of vulnerability is not given in the docurentation
associated with the performance and reporting of the IPE. In the response to

in Appendix C to the Submittal Guidance Document (NRC, 1989),
questions
mention is made of examining sequences that are above the screening criteria
in order to determine if a weakness exists. Thus the word weakness replaces
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the word vulnerability neither of which is defined in numerical or
comparative terms. In another response it is suggested that a vulnerability
is an outlier. The NUMARC Severe Accident Issues Closure Guidelines (NUMARC,
1992) proposes a set of guidelines based on a combination of the core damage
frequency for a group of sequences and the individual contribution from a
sequence group (Table 7-4). If the contribution from a .given initiator or

failure is greater than 50 percent of the total core damage frequencysystem
it is interpreted as a significant vulnerability, if it contributes 20 to 50%
-it is interpreted as a potential vulnerability to be investigated.
Similarly,contr}butionsfromsequencegroupsbetweencoredamagefreiuencies-
of 10' and 10- are reviewed to determine if there is an effective plant
procedure or hardware change which would reduce the frequency of the
sequences.

In t W e dy Importance and' Sensitivity measures have been used to determine
w nificant contributions to the core damage f requency, containmentth - s.

lysun,< b - mee, and decay heat removal functions.

x - 1 accident saquence groups and the definition of each group and
cf sequences in each group are shown in Table 7-3. It can be'' .t

. table that there are no significant vulnerabilities as defined4

ous section as all the accident sequence groups have a frequency,..

.and no group contributes more than 50% to the overall core damage1 <

frequeacy. However there are two groups of accident sequences that
contribute between 20 and 50 percent: Group 4 which is made up of accident

involving Anticipated Transient Without Scram and Group 2 which is
.O_

sequences
made up of accident sequences involving loss of containment heat removal
leading to-containment failure and subsequent failure of coolant inventory
make-up.

The contribution to core damage from sequences in group 4 comes primarily
from- A7WS sequences in which the motor feed pump has failed to inject water
and ADS has not been inhibited resulting in rapid depressurization of the RPV
and injection of low pressure ECCS. This leads to a series of reactivity
oscillations resulting in generation of large quantities of steam and
ultimately: containment failure and core damage. However, it should be noted
from the sensitivity analysis that the use of the plant operating data for
cycles 2 and 3 will reduce the frequency of the initiators which contribute
to this group and thus the contribution to core damage frequency of these
sequences from 34% to approximately 15% which is no longer a potential
vulnerability in-terms of the NUMARC criteria.

The contribution to core damage from sequences in Group 2 arises from the
failure of containment heat removal leading to containment failure and

loss of injection. One of the reasons thet this is a significantsubsequent
is that the containment design is such that in approximately 15%contributorof cases-containment failure leads to injection failure. Thus if a passive

vent was fitted, the core damage frequency of these sequences would be
reduced. This also has an imp.ct on source-term magnitude and is further
discussed in section 3.4.2.3 under containment vulnerabilities.

O
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7.1.2.1 Closure Issue Sensitivity Analysis j

A review of the plant operations during the past two operating cycles has ,

shown that the frequency of scrams is much lower than the generic frequency )
used for the Grand Gulf study and this study. The results of using a revised
set of initiating event frequencies based on the past two rycles results in a
core damage frequency reduction from 1.2 x 10' to 7.0 x 10" . The
contribution from the various initiators thus becomes 30% from station
blackout, 23% from transients, 20% from loss of offsite power and 17% from

|

AWS (see Table 3.4.1-16). More significantly, the accident sequence groups
which are now between 20 and 50 percent are Groups 1C and Group 2. Group 4
is no longer important. The contribution, in frequency terms of any group is
now barely above 2.0 x 10" . ,

1

If this operational trend continur.s and the importance of the various
accident sequences in Group 4 remains low, it is clear that the updating of |

I

the PRA using plant-specific data should be done before deciding on the
necessity of performing my design changes, j

7.2 02RAINMDR ANALYSIS |

7.2.1 SEVERE ACCIDDR 01CSURE ISSUES (M.WJ<C 91-04)

The Level 2 containment analysis assessed the performance of the Perry
Mark III containment in mitigating severe accidents by defining the accident
progression in containment, estimating the timing and mode of containment
failure and estimating the source terms for the spectrum of accident
sequences. The low values for the plant damage state frequency can be
attributed to good plant emergency instructions and to prioritized alignment
of alternate injection systems to recover a damaged core in-vessel.

'Ihe Modulcr Accident Analysis Program (MAAP) was used to analyze the dominant
accident sequences. The A'IWS and Stetion Blackout sequences were closely
examined to determine key figures of merit (e.g., RPV core uncovery, RPV
failure time and containment failure time). MAAP source term analyses were
used to evaluate the fission product transport for the dominant source term
categories from the reactor core to the drywell, through the suppression pool
to the containment, and to the environment in accordance with the modes of
containment failure.

The Perry Mark III steel containment was analyzed by the Perry plant
architect to identify the potential failure modes under severe accident
loading cor.ditions. The analysis determined the expected failures from
containment penetrations and other containment structural components as well
as the less likely failure of the containment enchorage. Penetration
failures would commence with a small leakage aree :nd increase with

Concrete and steel anchorage failure would result incontainment pressure.
gross failure of the containment vessel from the mat foundation. The IPE
found that the drywell head is susceptible to external overpressure failure

| if a hydrogen burn should occur in containment. The containment capacity
,

analysis characterized the expected type of failure for each failure modeI

into three classes (leakage, rupture or gross rupture) which is modeled in
source term analyses,

i
|
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-.O! The Perry IPE level 2 containment analysis used the Event Progression
.

_D Artalysis (EVNTRE) code which was utilized in the Grand Gulf NUREG/CR-4551 1

study (Brown, 1990). The Accident Progression Event Tree analyzed the <

'

progression of the accident from the onset of core damage through ex-vessel
core-concrete interaction to containment failure and fission product release.

- To enable the complex structure of the Accident Progression Event Tree to be
note clesrly understood by the plant staff, the Perry APET is graphically
described by a "Sumery" -Containment Event Tree. The Perry Accident
Progression Event Tree generally references the Grand Gulf template study
event data. However, the primary reference to modeling phenomenological
parameters is with the MAAP 3.0B code.

The MAAP code was-applied to determine values for key parameters in the Perry
Accident Progression Event Tree; e.g., best-estimate hydrogen generation,
pedestal overpressurization, and pedestal core-concrete interaction. All the
sensitivity analyses recommended by the EPRI report " Recommended Sensitivity
Analyses For An Individual Plant Examination Using MAAP 3.0B" were performed.

The plant _ damage state profile from the level 1/2 interface is: 0%

Stationcontainment bypass; 77% containment intact at core damage (9% -

transients and other event types with AC powerBlackout, and 68% -

available), 23% - containment failed at core d a ge (4.4% - critical (not
-shutdown) AIWS sequences, 4.3% ~ Loss Ol' Offsite Power and Station Blackout,
and 14% --other events).

The _ Accident Progression Event Tree summary results for containment
-Os performance are: no containment failure - represents a3p% conditional

l probability given core damage and a frequency of 5.0 x 10~ , containment

i venting - represents a 29% conditional probability and a frequency of 3.7 x
10' ' , and containment structural failure - represents a 32% conditional
probability and a frequency of 4.0 x 10' ' . The conditional probability
estimates of the detailed containment failure modes evaluation are: 50.8% -
fn-vessel cooling and no RPV failure; and the balance of the sequences with
RPV failure (49.2%) is composed of: 12.4% - no containment failure, 10% -
venting with a damaged core, 7.4% - late containment failure, 3.4% - early
containment failure with no pool bypass, and 16.1% containment failure with
pool bypass.

7.2.2 COMPARISON WITH GRAND GULF RESULTS

The Perry IPE level 2 containment analysis used the same Event Progression
Analysis (EVNTRE) code applied in the Grand Gulf NUREG/CR-4551 study (Brown,
1990) to transpose the severe accident analysis phenomenological framework of
the template study and to model the many depend 2ncies associated with
containment loading mechanisms such as steam generation, hydrogen generation
and combustion, and the resultant- changes in containment pressure and
temperature. The Perry IPE Accident Progression Event Tree consists of 68
questions which addresses the four general time frames of accident
progressions initial, early, intermediate and late. The more extensive
NUREG/CR-4551 Grand Gulf evaluation consists of 125 questions.

To evaluate the vulnerability to interruption of power to the hydrogen'

ignitors, the Perry APET addressed hydrogen combustion phenomena in a manner
; similar to the NUREG/CR-4551 Grand Gulf APET. The Perry APET models tha
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recovery of offsite power both before FFV failure as well as after RPV
failure, and possible variations in hydrogen concentration at the time of
power restoration were evaluated including the possibility of detonable
concentrations.

The Perry IPE use of the sane event progression analysis code as the Grand
Gulf template study enabled a good transfer of phenomenological modeling as
well as of the quantification bases. The Perry APET routinely referenced the
Grand Gulf template study and transferred # ny of the event w als, such as
the bounding model of alpha steam explosions. However, the primary reference
to modeling phenomenological parameters was the EPRI maintained MAAP 3.08
code.

The IPE sensitivity analysis of parametric values used to quantify the
Accident Progression Event Tree found one parameter important to containment

~

performance: large in-vessel steam explosion bottom hea? failure. Bottom
head steam explosion phenomena is not modeled in the MAAF code nor addressed
in the EPRI Recommended Sensitivity Analyses discussed ab]ve in section 7.2.
The probabilities applied in the Grand Gulf template plant study appeared to
be overly conservative and were reduced by a f actor of 10 for the Perry APET.
The sensitivity of inputting the Grand Gulf NUREG/CR-4551 values for large
in-vessel steam explosion failure resulted in a 58% decrease for successful
in-vessel cooling and No RFV Failure (from the base case estinate of 51% to
the sensitivity estimate of 21%).

The results of the Perry IPE containment performance dif fer f rom those in the
NURDG/CR-4551 Grand Gulf Study, due to differences in containment failure
modes, phenomenological assumptions, and plant damage state group

frequencies. The Grand Gulf study was dominated by Station Blackout (97%
plant damage state frequency) and determined that hydrogen combustion was the
dominant cause >>f containment failure. The Perry IPE was dominated by
shutdown ATWS r_ ,aences (ATWS with successful SLC) ano other transients with
Station Blackout only accounting for 9%. The modeling for debris cooled
in-vessel is similar with the one variance noted above regarding the

-

estimated value for large in-vessel steam explosions. When the Perry APET
event for large in-vessel steam explosion was set to the Grand Gulf value the
estimated results for No RPV Failure compare closely with 21% for the Perry
APET and 18% for the Grand Gult APET. The Perry APET estimates for the
conditional probability of Containment Performance are shown below with the
4551 Grand Gulf APET estimates:

NUREG/CR-4551
Perry Grand Gulf

No RPV Failure 511 181

RPV Failure and No Containment Failure 12% 51

RPV Failure and Venting los 41

RFV Failure and Late Containment Failure 71 28%

RFV Failure and Early Containment Failure 31 22% k

With No Pool Bypass
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:

RPV Failure and Early Containment railure 16% 21%

With Pool Bypass
.

7.2.3 SEVERE ACCIDENT CMSURE ISSUES

We containment bypass (unisolated breach of the primary containment outside
. 10' andthe containment) frequency is determined to be less than '

therefore does not require any action at Perry.

Supplement No. 3 of Generic Letter 88-20 identified that Mark III
concainments are expected to evaluate the vulnerability to interruption of
power to the hydrogen ignitors. We modification of the electeical supply to
the hydrogen ignitors to ensure availability during SB0 would remove the
possibility of high containment loads from hydrogen deflagrations and
detonations. The overall reduction of this change on the base case
assessment is very minor: 1) the RPV failure and early containment failure
with pool bypass frequency changes from 2.04 x 10" to 2.00 x 10" (-2%

change), 2) the containment structural failure frequency changes from 4.03 x
10" to 3.76 x 10" (-6.7% change). Thus, a hardware upgrade to provide
uninterrupted electrical supply to the hydrogen ignitors is not warranted by
this improvement.

Containment Performance base case results with the generic initiating event
frequency (provided in Table 6-2) showed that the frequency" of RPV failure

pd and early containment failure with pool bypass was 2.0 x 10 or 16% of the
core damage frequency. IPE Level 2 engineering insights suggest the greatest
opportunity for containment performance improvement is with the following two
design considerations: 1) passive vent, and 2) Am s modifications (ADS
Inhibit and Alternate Shutdown). The passive vent impact is to reduce the

damage from 1.3 x 10" to 1.0 x 10" (-18% change), and to redrce thecore
RPV failury and early containu nt failure with pool bypass from 2.0 x 10" to
4.5 x 10~ (-78% change). The AWS modifications impact is to reduce the
core damage frequency from 1.3 x 10" to 1.0 x 10" (-19% change), and to
reduce the RPV failure and early containment failure with pool bypcss from
2.0 x 10" to 1.8 x 10" (-14% change).

7.2.4 SEVERE ACCIDENT CWSURE SENSITIVITY AtmLYSIS

A review of containment performance design considerations using updated
initiator frequencies (similar tr, that performed in section 7.1.2.1) showed
that the associated reduction in core damage frequency and plant damage state
frequency impacts the results of the containment pe:.formance analyris (Table
7-7). A summary comparison of design considerations using the the base case
and updated initiator base case results provided in Table 7-5.

7.3 CONCLUSIONS

The performance of the level 2 PFA in response to the NRC's request in
Generic Letter 88-20 for an Individual Plant Examination of the Perry Plant

O has resulted in the CEI gaining a number of insights into the contribution to
V risk at the plant. The outcome was the performance of the following

improvements during the course of the study.
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Loss of Offsite Power Instruction

- Retention of RCIC isolation bypass for high steam tunnel tempe.ature
- Enhanced process for crossticing Unit 1 and 2 batteries
- Enhanced process for offsite power recovery to HPCS and alternate

injection system bus bars.

Flooding Instruction

- Enhanced response instructions to flooding scenarios.

In addition, the following improvements are expected to be made in the near
future.

Implementation of automatic RPV depressurization f or non-AWS ever.ts-

(following USNRC review).
"rast rirewater" tie between Fire Protection and HPCS-

- Permanent Division 3 to Division 2 " quick" connect
- Reduction of Out of Service Time for certain critical components

(already achieved for HPCS and RCIC)

The result of the improvements is an overall core damage frequency for the
internal and internal flooding events of 1.3 x 10" per year and an RPV
failure with early containment fail with pool bypass of 2 x 10" per year.
Beyond the basa case, a number of further enhancements discussed in the
previous section have been identified and are being evaluated further.
However careful analysis is required before any further improvements beyond
those identified above are made.

When performing a major analysis of this type, it is necessary to fix the
date for collection of design and operational information, in this case
January 1, 1990. At this time Perry had only completed cne full cycle of
operation and therefore little or no operational data was available. Since
that time, it has been possible to include data for maintenance outages on a
small number of components. It is clear from the experience in operating

and 3 that the initiating event frequencies are significantly lowercycles 2
than the generic values used in the NRC Grand Gulf study and therefore in the
Perry study. Therefore, before any further decisions are madc concerning
plant improvements the first step will be to update the living PRA to include
this data, and any design changes made since the freeze date of

January 1, 1990. In the case of the latter, a brief review of the work
performed during the first two cycles indicate that there have been no major
design changes to the ECCS.

The enhancements discussed earlier improve the decay heat removal
capabilities following an initiating event. It is considered that the
current core damage frequency, as the result of decay heat removal failures
is within the current guidelines and therefore the results of this study
represent satisfactory resolution of Unresolved Safety Issue A-45 for the
Perry Nuclear Power Plant.

were no specific vulnerabilities identified with regard to containmentThere
performance in the Perry IPE. The Perry backend containment analysis
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f - indicates that the Perry containment response to severe core damage. accidents
- is generally similar to that for other BWR/6 fiark III plants

(e.g. , !UREG-1150 Grand Gulf [ tac,1989]).

The containment performance summary results for the Perry fia rk III'

containment were no containment failure - represents a 39% conditional |

probability' given core damage and a frequency of 5.0 x 10- ' , containment j-

venping - represents a 29% conditional probability and a frequency of 3.7 x
i
'

10' , and containment structural failure - represents a 32% conditional
probability and a frequency of 4.0 x 10''. The conditional probability of
RPV failure and early containment failure with pool bypass was estimated to
be 0.36'in the Perry IPE (compared to 0.21 for Grand Gulf in fMREG-1150).
The difference in these results between the Perry IPE and tUREG-1150 mainly
result from significsnt difference in the. sequences contributing to core
damage, from different containmerc failure modes, and from the
phenomenological assumption made in the Perry IPE regarding the probabilityi

of steam explosions failing the lower RPV head.
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e Table 7-1
N]s Summary of Core Damage Frequency by Initiating Event & Flood Zone

Core Damage Free Percent of CDF

Loss of Offsite Power

T1 1.80 X 10-' 1.5 (Loss of Offsite Power)
R 7.19 X 10-' 6.2 (Loss of Offsite Power

and no Offsite Power
Recover at 3 hr)

U 4.14 X 10-' 3.6 (Loss of Offsite Power
w/no HPCS or RCIC)

T1P1 7.62 X 10-' O.7 (Loss of Offsite Power
and 1 SORV)

T1P1U 1.53 X 10'' O.1 (Loss of Offsite Power
and 1 SORV w/no HPCS
or RCIC)

T1P2 3.89 X 10-' O3 (Loss of Offsite Power
and 2 SORVs)

Total 1.44 X 10'' 12.4

Station Blackout

IO B 2.11'X 10'' 18.1 (Station Blackout)U BP1 8.36 X 10-' O.7 (Station Blackout and
1 SORV),

! EP2 5.91 X 10-* 0.5 (Station Blackout and
.

2 SORVs)

Total 2.25 X 10-' 19.3

Transients

T3A < 10'' O.0 (Transient w/PCS)
T3AP1 < 10'' O.0
T3AP2 < 10'' O.1
T3B < 10'' O.0 (Loss of feedwater)
T3C 1.38 X 10~' 1.2 (Inadvertent open SRV)
T2 1.64_X 10~' 14.1 (Transient w/o PCS)
T2P1 2.47 X 10'' O.2
T2P2 < 10- ' O.0
TIA 1.01 X 10'' 8.7 (Loss of instrument air)
TIAPI < 10-* 0.1

< 10~d O.0TIAP2 -
6.68 X 10'' O.6 (Loss of service water)TSW

TSWP1- < 10- ' O.0
TSWP2 < 10-* 0.0

Total 2.90 X 10-' 25.0

,

__ __ __



Table 7-1 continued

Core Daluge Freq Petcent of CDF

LOCAs

A 2.11 x 10-' 1.8 (Large LOCA)
S1 6.18 x 10'' O.5 (Intermediate LOCA)
S2 3.34 x 10-' O.3 (Small toCA)

Total 3.06 x 10~' 2.6

- KIWS

T1-C 3.61 x 10'' O.3
T3A-C < 10~* 0.1
T3B-C 5. 42 x 10-' 4.6
T3C-C 9.38 x 10'' O.8
T2-C 4.02 x 10'' 34.5
TIAC 4.33 x 10'' O.4

Total 4.74 x 10'' 40.7

Total Core Damage Frequency (internal initiators) 1.17 x 10-' (88%)

Flooding

Zone 13 8.84 x 10-' 57

Zone 17 3.22 x 10~' 21

TPC 8.70 x 10'' ti

Zone 1 1.93 x 10-' 12

Zone 1A < 10~' <1

Zone 8 2.80 x 10-' 2

Zone'16 1.10 x 10-8 1

Total Core Damage Frequency (flooding) 1.54 x 10~' (12%)

Total Core Damage Frequency (internal initiators & flooding) 1.32 x 10-5

O
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r'' Table 7-2
N ]J.

Comparison of Perry IPE with Kuosheng, Cof rentes, & t@JREG/CR-4550 Results

Initiating Event _ Perry Kuosheng Cofrentes 153 REG /t'R-4550
t

Loss of Offsite Power 1. 4 X 10-' 1.0 X 10-' |
1.7 X 10-' 3.9 X 10-'

Station Blackout 2.2 X 10-' 3. 3 X 10-' |
4

Transient w/ PCS (T3A) < 10-' 1.1 X 10-' t < 10-'

Loss of feedwater (T3B) < 10-' 3.0 X 10-7 < 10- '

Inadvertent open 55tV (T3C) 1.4 X 10-' 3.0 X 10-* < 10- 7

Transient w/o PCS (T2) -1.7 x 10-' 1. 3 X 10- ' 4 1. 3 X 10-'
< 10-'

Loss of instrument air (TIA) 1.0 X 10-' -ta- < 10-'

Loss of service water (TSW) 6.7 X 10-' -in- --ta-

4

Large LOCA (A) 2.1 X 10" < 10-' t < 10-'

Intermediate LOCA (SI) 6.2 X 10-' 4.1 X 10-' < 10-'
.

, ,,

'~ Small LOCA (S2) 3.3 X 10-8 < 10- ' | < 1 C- '
4

- A'IWS 4.7 X 10-' 2. 6 X 10- * < 10-' 1.1 X 10-'

'Vessei Rupture < 10- ' 2.7 X 10-' < 10-' < 10-'
'

Total Core Damage Freq 1.2 X 10-* 3. 4 X 10- 5 2.6 X 10-' 4.0 X 10-'*

Internal blooding CDF 1.5 x 10-5 5.7 X 10-' -ta- -NA-

* Total CDF does not include flooding.

< -
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Table 7-3

Accident Sequence Grouping Criteria
Functional
Accident
Sequence Definition CDF Percent CDF

lA Accident Sequences Involving Loss of Coolant Inventory 7.0E-8 <1
Makeup in htich Reactor Pressure Remains High.

1B Accident Sequence Involving a Loss of All AC Power and 1.5E-6 13
Loss of Coolant Inventory Makeup.

1C Accident Sequence Involving a Loss of All AC Power and No 1.2E-6 10
Recovery of AC Power.

1D Accident Sequences Involving a Loss of Coolant Inventory 5.8E-7 4

Makeup and A1WS

1E Accident Sequence Involving a Loss of Coolant Inventory 1.5E-6 8
Makeup in which Reactor Pressure has been successfully
resolved.

2 Accident Sequences Involving Loss of Containment Heat 2.6E-6 22
Removal Leading to Containmeilt Failures and Subsequent
Loss of Coolant Inventory Makeup.

3A Vessel Rupture Leading beyond makeup capability. <1.0E-7 <1

3B Accident Sequence Initiatied or resulting in a small or <1.0E-7 <1
medium wCA for which reactor cannot be depressurized and
inventory makeup is inadequate.

3C Accident sequences initiatied or resulting in medium or large 3.9E-7 3

LOCA for which the reactor is at low pressure and inadequate
coolant inventory makeup is available.

3D Accident sequences which arc initiated by a wCA or failure <l.0E-7 <1

for which vapour suppression is inadequate.

4 Accident involving an AIWS leading to containment failure 4.0E-6 34

due to high pressure and subsequent loss of inventory.

5 Unisolated wCA outside containment leading to loss of <1.0E-7 <1

effective coolant inventory makeup.

O O O
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Table 7-4,

-)

Primary IPE Core Damage Evaluation Process

Hean CDF
Per Sequence Group
(per reactor year) Licensee Response

Greater than IE-4 1. Find a cost effective plant administrative,
procedural or hardvare modification with

or- emphasis on reducing the likelihood of the
source of the accident sequence initiator.

greater than 50
percent of-total 2. If unable to satisfy above response, treat
CDF in E0Ps or other plant procedure with

emphasis on prevention of core damage.

3. If unable to satisfy above responses,
ensure SAMG is in place with emphasis on
prevention / mitigation of core damage or
vessel failure, and containment failure.

-7 _

-

lE-4 tn IE-5 1. Find a cost effective treatment in E0Ps or
other plant procedure or minor hardware

or- ' change with or emphasis on prevention of
core damage.

20 percent to-50 2. If unable to satisfy above response, ensure
-

percent of total SAMG is in place with emphasis on
CDP. prevention /mitigatio:i of core damage or

vessel failure, and containment failure.

1E-5 to IE-6_ Ensure SAMG is in place with emphasis on
prevention / mitigation of core damage or
vessel failure, and containment failure.

Less than IE-6 No specific action required.
'

,
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TAB 12 1-5
CottrA!!PIENT PERFORP#ict COMPARISON OF DESIGN OM.43t CONSIDERATION 3

e
GENERIC INITIATING CVthi FFfQUENCY

LTDATED INITIATING EVth7 FRC7JENCY

RTV failure Rrv TallureAnd Early
Contairment Containment And Early

Containment ContainmentCore Structural reilure With Core 5tructural Tailure WithDamage Failure Pool 1% Tass Dama ge Failure PoolBypass

Base case 1.30-5 4.0E-6 2,0t-6 4.1t-6 2.6t-6 1,0c-6

Passive Vent 1.0t-5 9.90-7 4.50-7 6.70-6 5.3t-7 2.0E-7(-16% ofG) (-75% 010) (-78% CHG) (-17% otG) (-80% ota) (-92% 013)
A7W3 Mods
Alt Shutdown
& ADS Inhibit 1.0t-5 3.50-6 1.8E-6 7.3E-6 2.5E-6 9.St-7(-194 01G) (-13% CHG) f-14 % CHG) (- 9% c10) (- 5% ofG) (- 7% alG)

Passive Vent
& A7WS Mads 8.0E-6 4.6t-7 1.60-7 5.9t-6 4.0E-7 1.2t-7(-374 CHG) (-89% otG) (-92% CHG) (-26% CHG) (-85% CHG) (-89% CHG)
Passive Vent,
ATWS Mods &
Ignitor. Power 8.0E-6 1.8t-1 1. 3 C .7 5.9E-6 1.2t-7 7.2E-8(-37% otG) (-96% CHG) (-94% CHG) (-26% 010) (-96% otG) (-93% CHG)

N@ These results are tsaned on an
analysis of the core damagi.
sequences included in the plant
damage state trees. Thus there are
small differences in the impact of
changes reported in this table

compared with those repcyted for
internal event core damage seTaenees
in section 3.4. These differences
do not change the overall
conclusions.

O
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. Table 7-6-
A/

IPE Containment Bypass Evaluation Process

Hean Containment
Bypass Frequency-
(per reactor year) Licensee Response

Greater than lE-5 1. Find a cost effective plant administrative,
procedural or hardware modification with emphasis on

or eliminating or reducing the likelihood of the source
of the accident sequence initiator.

greater than 20
percent of total 2. If unable to satisfy above response, find cost

CDP effective treatment in E0Ps or other plan procedure
with emphasis on prevention of core damage.

3. If unable to satisfy above responses, ensure SAMG is
in place with emphasis on prevention / mitigation of
core damage or vessel failure, and containment
failure.

, -
- 1J 5 to lE-6 1. Find a cost effective treatment in E0Ps or other

plant procedure or minor hardware change with. .

' or emphasis on prevention of core damage.

5 to 20 percent 2. If unable to satisfy above response, ensure SAMG is
of total CDF in place with. emphasis on prevention / mitigation of

core damage or vessel failure, and containment
-failure.

lE-6 to lE-7 Ensure SAMG is in place vith emphasis on
prevention / mitigation of core damage or -vessel f

failure,--and containment failure.

Less than lE-7 No specific action required

o
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TAB 1.E 7-7 IMPACT OF DESIGN OLAFGES ON COfRAINMEffT FAILURE FREQUENCY USING UPDATED INITIAMR FREQUENCY

(1) (2) (3) (4)
UrDATED UPDATED UPDATED UFDATED UPDATED

BASE INITIATOR FASSIVE A1V3 ALT FASSIVE PASSIVE VEtG,

CAST FREQUENCY VEfff SIPJTDOWN VENT & ATWS PODS i
& ADS ATW3 PODS HIS BACKUP

IPDf! BIT POWER SUFFLY

No RFV Failures No containment Failure 3.39t-6 1.22E-6 1.225-6 1.34t-7 7.34E-7 7.60E-1
(26.7%) (15.2%) (18.3%) (10.0%) (12.4%) (12.8%)

Vent 2.45E-6 2.36t-6 2.82E-6 2.45t-6 2.81E-6 2.91C-6
(19.3%) (29.4%) (47.3%) (33.5%) (49.0%) (49.0%)

Containment Failure 6.18E-7 4.70E-7 6.74t-8 4.70t-1 2.90E-8 3.79t-9
( 4.94) I 5.8%) ( 1.0%) ( 6.4%) ( 0.5%) ( 0.06%)

.

Subtotal No RFV Failure Core Damage Fteq: 6.46E-6 4.06E-6 4.11t-6 3.65t-6 3.67E-6 3.67E-6
(50.8%) (50.3%) (61.6%) (50.0%) (61.9%) (61.9%)

RPV Fsilures No Containment Failure 1.58E-6 6.22E-7 6.22t-7 4.09E-7 4.09E-7 6.21t-7

(12.4%) ( 7.7%) ( 9.3%) ( 5.6%) ( 6.9%) (10.5%)~~~~

Vent 1.27E-6 1.23E-6 1,47E-6 1.24E-6 1.40E-6 1.53E-6
(10.0%) (15.3%) (22.1%) (16.9%) (25.0%) (25.7%)

Late containment Failure 9.38E-7 9.25E-7 2.45t-7 9.25t-7 2.45E-7 3.20E-3
( 7.4%) (11.5%) ( 3.7%) (12.7%) ( 4.1%) ( 0.5%)

Early CFt No Pool Bypass 4.30E-7 1.88E-7 2.00C-8 1.28E-7 7.37t-9 7.00E-9

( 3.4%) ( 2.3%) ( 0.3%) ( 1.7%) ( 0.1%) ( 0.1%)

Late Pool Bypass 1.54E-6 7.51t-7 8.40E-8 7.04E-7 2.052-8 1.042-9
(12.1%) ( 9.3%) ( 1,3%) { 9.6%) ( 0.3%) ( 0.2%)

Early FB, Spray 6.12E-3 2,82E-3 2.78E-8 2.09E-8 2.09t-6 1.08E-8
t 0.5%) ( 0.3%) ( 0.4%) ( 0.3%) ( 0.4%) ( 0.2%)

Early FB, No spray 4.45E-7 2.49E-7 8.1' 2.30E-7 7.36E-8 5.04E-8

( 3.5%) ( 3.1%) ( 1.1%) ( 3.1%) ( 1.2%) ( 0.5%)

i

|
Subtotal RTV Failure Core Damage Fregt 6.21E-6 4.00E-6 2.56E-6 3.66E-6 2.26E-6 2.26E-6

(49.2%) (49.1%) (38.4%) (50.0%) (38.1%) (38.1%)

MTAL CORE DAMAGE FREQUENCY 1 1.27t-5 8.05E-6 6.67E-6 7.31E-6 5.93E-6 5.93E-6

(100%) (100%) (1004) (2004) (1004 (100%)

I
t

| Subtotal Containment Venting Frequenev: 3.72E-6 3.59E-6 4.29E-6 3,69E-6 4.39E-6 4.43E-6

(29.2%) (44.7%) (64.4%) (50.4%) (71.0%) (74.8%)

subtotal Cntat structural railure Freq 4.03E-6 2.61E-6 5.34E-7 2.48E-6 3.99E-7 1.15t-7!
'

(31.7%) (32.5%) ( 8.0%) (33.9%) ( 6.7%) ( 1.9%)

MTAL COffrAINMENT FAIT #RE & VLYFING FREQ: 7.76E-6 6.21E-6 4.83E-6 6.17E-6 4.79E-6 4.55E-6

(60.9%) (77.1%) (72.4%) (84.4%) '80.7%) (76.7%)

TFV FAILURE & EARLY COtTTAItttDff FAILURE
WITH POOL BYFASS FREQUENCYr 2.04E-6 1.03E-6 1.99E-7 9.54E-7 1.15E-7 7.16E-8

(16.1%) (12.8%) ( 3.0%) (13.1%) ( 1.9%) ( 1.2%)

O
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.0 TNTRODUCTION
^

'

The objective of the human reliability analysis (HRA) is to provide
estimates of the probabilities of the human interaction (HI) basic
events included in the Perry Plant IPE logic model. In general,

human interactions considered for inclusion in a PRA can be divided
into three general classes according to the time phase in which they
occur.

Type A HIs arise before an initiating event, when plant personnel
can affect availability and safety of the plant by inadvertently

leaving equipment disabled following test, maintenance and

calibration activities.

Type B HIs are those HIs that result in, or contribute to,

initiating events. Examples are: plant trips following mistakes

J
during testing, f ailures to control feedwater leading to plant trip,

v Type B events are almost invariably incorporated implicitly inetc.

the initiating event frequencies obtained from plant operating
experience. No explicit consideration of Type B His has been
included in this study.

Type C HIs cover a wide range of specific actions Lollowinq an

accident. There are two sub-categories of Type C: (1) operator

action performed in response to an Emergency Operating Procedure
(EOP), including manual backup on f ailure of automatic initiation of
systems, and (2) recovery actions in response to unavailability of
a safety function that failed because of equipment malfunction.
Events in the first sub-category (Type CP) can either appear as

headings in the event trees, or as basic events in system or

functional fault trees, while recovery actions (Type CR) are

addressed at the accident sequence cutset level.

This analysis file consists of two parts: Part A addresses type A'
i

HIs, and Part B, the Type C HIs.

l

|
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Part A

Analysis of Type A Human Interactions

Type A HIs are those interactions that occur during normal plant

operations and include testing, maintenance, and calibration

activities. The adverse impact of these activities that is

accounted for in PRA models is the potential for leaving components

inedvertently available. Typically these include miscalibration of

sensors or instrument channels, and leaving valves in an incorrect

configuration.

Generally miscalibration events have not been found to be

significant contributors to core damage, unless they are common

! cause failures, where the event affects more than one redundant

train. In this study, the common cause error was not evaluated

explicitly but was included with a value given by a tenth of the
failure of a single sensor.

Because there are a large number of potential restoration error

opportunities, a qualitative screening was performed using the

following guidelines:

General ComDonent Type A Guidelines

o Restoration faults following maintenance will

not be postulated if the system undergoes a full
functional test following completion of

maintenance,

Restoration faults will not be postulated if theo

component has an indication in the control room
which is verified on a daily basis and is

readily apparent to the operators if out of

position or if power is disconnected.
.

Restoration faults will not be postulated if theo

components are included on a daily checklist.'

2
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Manual Valve Tyne A GRidelines

o Restoration faults will not be postulated if

there is double (independent) verification of

position following test /maintenansa anst the
valve is also verified in the correct position

between test events (e.g., on a checklist),

o Restoration or mispositioning f aults will not be

modeled if the valve is administratively

controlled to be in its correct alignment as

locked open, locked clos or locked throttled.,

and checked quarterly or more frequently.

Valves (Other than Manual) Type A Guidelines

o Restoration f aults will not be postulated if the

valve has an individual position indication in

the control room _ ansi is included on a daily (or
more frequent) checklist.

o Restoration f aults will not be postulated if the

valve receives a signal to go to the correct

position and a position indication light shows
if power is not connected,

c Restoration faults will not be postulated if

there is double (independent) verification of ,

position following test / maintenance and the

valve is also verified in the correct position

between test events (e.g., on a checklist),

o Restoration faults will not be modeled if the
valve is administratively controlled to be in

its correct alignment as locked open, locked

O closed, or locked throttled with motive power
removed.

3
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Only the non-safety systems remained after applying those scrooning

hguidelines, A value of 10*3 was used for restoration errors in the
instrument air and system air systems.

O

O
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PART D

-( ANALYSIS OF TYPE C HUMAN INTERACTIONS

1.0 INTRODUCTION

1.1 Overviel

The plant logic model, the event trocs and fault troos, were

constructed to includo human interaction basic events. To define

the plant 1. '.c, those ovents are adequately defined in terms of the
failuro mode they reprosent e.g. , operators f all to depressurize the
reactor following a loss of high pressure injection. However, in

order to quantify those ovents, i.e., ratimate their probabilities,

it is essential to define them in greater detail. For example, it

is necessary to understand what cues and procedures the operators
use to guide them to perform the required function, what they have
to do to successfully accomplish that function, the time available,
and other factors that might influence their probability of success

bV or failure. These factors are all scenario specific. The first

step in the HRA was, therefore, to define the events as clearly as
L possible in preparation for the quantification. This was done by

studying the scenarios to which the human interaction events

contributed, and understand, among other things, the timo line of
the events,. This was documented in a series of calculation files
(AS-09, AS-10, AS-ll, etc.).

Another function of this step of the HRA task is an identification
of potential dependence between the human interaction events that
occur in the model. Functional dependencies of the typo, "if event
A occurs, event B cannot be successful," are handled in the overallE

structure of the model, i.e. , they are nardwirad into the event tree
structure. What is principally of concern here is the influence of
success or failure in a preceding event on the probability of
success or failure of another event. There are a variety of reasons

one importantwhy the events may be probabilistically dependent;
issue is that the cognitive processes needed to recognize the need

,

for multiple actions may have common elements. To assiat in the

| $
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identification of such cognitively correlated ill s , the following

groundrules are adoptedt

(a) If two ill events are associated with responses to the same

plant status (e.g., initiate llPCS pump, initiate RCIC on

f ailure of auto initiation at Level 2), the cognitive part

of the failure probabilities are considered to be totally

dependent.

(b) As a corollary to this, if, in the chronological

development of the scenarios, an 111 failure event follow

a successful 111, and the procedural instructions for both

events are closely related, the cognitive failurt

probability of the second 11I should be very small and can

be neglected,since the success in the first event implies

a cuccessful recognition of the scenario.

(c) If human interactions are 1) separated by a significant

time (i.e., time between cues or required responses is

long), or 11) separated chronologically in the sequence by

ha succecsful action, and/or lii) responses to different

cues in difforent parts of the EOPs, they may be regarded

aa being independent.

Ilowever, when applying this would result in very

low values for products of liEps, this was not --

always used (see discussion on R11R anci venting) .

(d) In addition, the early memorized responses may be regarded

as indo, 'ndent f rom those actions for which the procedures
are expected to be providing the direction.

,

' hat performing oneOther types of dependency, such as the fact c

function may take resources away from another is also considered by
addressing, in the evaluction of the llEPs,the role of crew

personnel, both in performing the actions called for, and in

recovering from failure to execute correctly.

O
6
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1.2 QualttiflgatioD3ppronth

The model of human interactions used .Jr the evaluation of a human
error probabilities is the simple one that splits the response into
two components, a detection, diagnosis and decision (DDD) base, and
an execution phase. This is compatible with the ASEP methodology
(1), the more recent EPRI proposed methodology (2), and the llRA
Handbook (3), all of which were used in the quantification.

Reference is made to these documents for details.

For the key time-critical human interactions, the time-reliability-
curve approach of Reference 2 was used to estimate the probability
of failure in the DDD phase. The alternate approach o'.' Reference 2
was used to evaluate the HEPs for those HIs considered dependent on
the time critical 111, or which are not time critical. A simplified

THERP or ASEp approar-h was used to estimate the liEP for the
execution phase. The details can be found in the following
sections. '

The analysis is documented essentially on a function-by-function
basis in the context of the sequences, rather than on an HI by HI
basis, so that "; relationship between the HI events and the
scenario can be explored. Because of the large number of events

included in the model, the detailed analysis has concentrated on
these human interaction events which are direct contributors to
system - perf ormance and appear in functional fault trees or as
contributors to the top gates oi system f ault trees. Those that are

responses to specific component or subsystem f ailures are handled by
assigning fairly coarse screening values.

Because all the HRA methods availabic are to some extent arbitrary,
the analysis should be regarded in some cases as providing
plausibility _ arguments rather than accurate assessments. This is '

particularly true of the long-term actions such as initiation of RHR
for which failures are believed to be of extremely low probability.

:

7
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2.0 INPP ATWB DEQUENCES

The purpose of this section is to document the human reliability
analysis for postulated ATWS scenarios at PHPP.

2.1 MSIV Closure ATWS (T2-C):

2.1.1 Introduction

in the event of an MSIV-ATWS all the steam that is generated goes to
the suppression pool via the SRVs. It is assumed that the MSIV
closure leads to a loss of feedwater turbine-driven pumps and the
PCS; i.e., no heat sink is available. During the initial few

seconds the reactor responds to the transient ac it would with
control rod insertion, then it responds to the recirculation pump
trip (RPT) which reduces core flow and therefore power to that
corresponding to natural circulation. With no rods going in, the

vessel level reaches the Level 2 set-point causing the HPCS and RCIC
to automatically actuate and iniect water into the vessel. The

motor-driven feedwater pump (MFP) starts on L-2, but with the MFP

feedwater regulation valves closed by the run-back of MFP, operator
action is required to inject water into the vessel.

8
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Operator actions play an important role in the progression of the

MSIV closure ATWS sequences. There are four basic goals of the CR

crew response to an ATWS: (1) reactivity control, (ii) reactor

pressure vessel (RPV) level control, (iii) RPV pressure control, and

(iv) suppression pool temperature control. The operators are

expected to not only attempt to insert control rods, but to be awrve

of the limitations of the SLCS (i.e., relatively slow acting) and

how void effects can be used to reduce reactor powert 1.e.,

|increasing voids by recirculation pump trip, depressurization, or
.

lowering of the water level. During the postulated MSIV-ATWS |
scenarios, the CR operators will be guided by the PEIs and j

supporting documentation and the available control room aids (e.g.,
the Emergenc" Response Information Syntem, ERIS). As indicated by

,

the event tree and the supporting fault trees for the MSIV-ATWS

initiating event, the following His are addressed:

U3: manuni start of the motor-driven feedwnter-

pump (MFP) given failure of tne auto-start, and

O en #1=e er t" reee ter ree=1 eiem v 1v -

LC; manual control of RPV level betwcon the-
; ,

Minimum Steam Cooling Water level (MSCWL) top-
of-active fuel (TAF) and L-1 (46" band).
X'; inhibit tho' ADS to avoid an uncontrolled-

depressurization and overfilling the RPV with

cold water from low pressure injection (LPI)

systems.

Cl; manual initiation of SLC (1 pump).-

<* emergency depressurization of the RPV to-

maintain suppression pool temperature below the <

Ecat C.spacity Temperature Limit / (HCTL) .
V; initiation of LPCI (or RHR A/B) to maintain-

I
vessel level.

V'; prevention of inadvertent overfill of the! -

vessel that causes boron dilution.
W; manual initiation of long-term heat removal-

with IOIR.
Y; initiation of containment venting after

|
-

'

L .
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successful shutdown with boron, given th it other

hmeans of containment heat removal have talled.

In performing the quantitative assessment of thene llIs, the concept

of the pn .Leengnne strypiu_In as a means of placing each III in a

context of key plant parameters applicable to the operator action of

concern was utilizedm. This also assists in assessing dependencies

between IIEPs. For the analysis of the MSIV-ATWS the following

reference points are defined:

~

Suppression pool temperature is assumed to be-

just below 90'r at the start of the transient.

This temperature limit is alarmed in the control

room and the operators are very familiar with

the practical implications of it. The operating;

practice at Perry is such that, prior to

reaching a pool temperature of 9 0*P , the

suppression pool cooling is started and is kept

hoperating until the temperature is brought to

its lower level. llence , at the start of the

postulated transient the plant in at the high

point of a pool cooldown-heatup cycle. The

operators may be anticipating a need for -

suppression pool cooling at the time of the

transient.

Suppression pool temperature of 110F. This is-

,

"

a limit identified in the technical

specifications for the plant. If this limit is

reached then a plant shutdown is required. The

PEIs also use this temperature limit as a

reference point for initiation of boron

injection if the reactor cannot be shutdown with

control rods, and is also used as one of the

cues for initiation of the power-level control

contingency.

10
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The accident sequence analysis file, AS-11, provides the following

times measured from the initiating event of MSIV closure

Time to L1 without HPCS or MFP: 1.9 minutes.-

Time to llCTL (185'F) ;-

No level control 8.8 minutes--

With level control: 15.1 minutes--

Time to reach containment pressure of 15 psig (cue for-

initiation of containment venting): 5.5 hours

Time to pressurize containment to 50 psig (IpE-

containment pressure threshold limit): 9 hours

DLoscniangiel2.1.2 e

The human interactions (llIs) in the ATWS model are highly dependent,

which complicates the lira. The dependencies and their implications

are discussed below:

The transient starts with the reactor at full power and the plant

transient response will be very rapid requiring timely operator

response. The event tree functions 01 and U3 are associated with
the auto-start of IIPCS and MFP, respectively, upon reaching L-2.

The llIs in these functions relate to manual back-up to the auto-

start failure and should be regarded as totally dependent as they

are responses to the same step (RC/L-2) in the EOps. However,

opening the MFP feedwater control valves is also an important action
and is associated strongly with the level-power control actions.

Subsequent operator actions depend on whetner llPCS and MFP run or
not. If there is high pressure injection initially, there will be

more time available to deal with the transient. Hence, the

dependence between U1 and U3 and subsequent event tree functions are
accounted with different time-windows, as well as different

definitions of functions. For example, if the MPP is not initiated

early enough, the level will drop to below -30" and the level / power
control procedure instruct the operator to go to emergency

depressurization, llowever, if the level is restored before -30",

11
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which can only be achieved with the MFP, the reason for

depressurization is to maintain reactor pressure below the HCTL. h
The level / power control (operator action to lower level) and power
control (operator action to initiate SLC injection) are coupled by
a requirement to centrol reactor pressure below the lleat Capacity
Temperature Limit ( HCTL) , and/or to prevent conta.inment failure.

Per the PEI, the instructions for both these actions are associated

with an instruction to inhibit t:he ADS. The purpose of the ADS

inhibit is to prevent uncontrolled depressurization and LP-injection
(which causes reactor power to go up again). This operator action

is a sjttple action with the cue afforded by a procedural step.
There are at least two prompts to inhibit ADS: (1) the first is in

the PEI directs the operators to inhibit and (ii) the second

results from actuation of the ADS timer (set at 105 seconds) which
is alarmed.

Depressurization is called for when the suppression pool temperature
exceeds 122'F and RPV pressure is greater than 1050 psig. .I f the

suppression pool temperature cannot be maintained below the !!CTL,
then the operators are directed to perform Emergency RPV

Depressurization. The initiatic.n of Ri!R has a minor impact on the

initial pool heatup rates, but on jts own cannot remove enough heat

to prevent containment failure without the other actions. To a

large extent it can be considered independent of the other actions,

since in any case it is only asked in the event tree when successful

shutdown is secomplished.

2.1.3 QM AtjlicAtlon of Non Ra.Roons_e Probab_ilities

As discussed earlier, non-response probabilities are expanded into

two contributions, P, - probabilities are f ailure of initiation (or

of recognition of the need to act), and P, - f ailure in execution.

2.1.4 ATW3 With Los_g of PCs
- e

function C
,

12



The functional fault tree for event C contains ttc event RPilICPERC-
1 Q-2 which represents failure or the operator to attenpt t c.

manually scram the reactor on the occurrence of a scram signal.

This is an automatic instinctive response, and an llEP of 10'' is

considered appropriata. Swain W suggests that failure of the

cognitive cart of the response can be essentially neglected, and,

since the controls are very clearly identified, the likelihood of ar.

error of commission is negligible.

Ling _ tion U3
o

one human interaction in function U3, FWilICPEL-2-FDW, relates to '

manual backup to f ailure of auto-initiation on Level 2. Ilowever, in

the case of an ATWS another event FWilICPEL-2-FDW-V, is included in
w

the U3 functional fault tree, to account for the fact that the

operators have to manually open the feedwater regulation valve to

allow the MFP to inject given it has started on level 2. The

procedural instruction is given in the level / power control procedure

to maintain level while preasurized between -30" and 217" with

feedwater and RCIC, (but ilPCS is used only above TAF). SLC will be

having little effect at this time. The time to reach TAF with no

injection is 2.3 minutou, and the time to reach -30" is 2. 5 minutes.

There is a 55 second delay after the MSIV closure before the .

operators can take control of FW. This llI will be analyzed later,

since chronologically the cues to initiate SLC will be occurring at

about the same time (pool temperature reaches 110 F in about 40

seconds), and this is regarded as the principal concern of the
'

operators. In the ATWS tree, the manual back-up event FWillCPEL-1-

FDW is subsumed in this event and removed from the U306 function.

The functions that follow suecasa in function U :3

BlDplion LQ

The functional fault tree for LCO2 is purely an llEP-FWilICPEC5: 3-2.

It follows an initial success in restoring the MFP injection before

13
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the level reaches -30". The value for this HEP is highly dependent
on that used for the failure to initiate SLC in function C1.
Chronologically it should occur after initiation of SLC. The

! operators are trained to jnitiate SLC before the B11T temperature of
110'F is reached. Lowering 1cvol is only initiated when the BIIT is

reached, and the other conditions, (a relief valve open, and power
level above 4%) have niso occurred.

, Success in C1 implies that the operators have correctly diagnosed an
|

ATWS and therefore are in the correct path through the procedures.
From the above, therefore, success in LC implies that the operators
have correctly diagnosed the nend to initiate boron injection, since

both actions involve o common cue (110'F pool temperature) . It is

also important to note that, feedwater has been restored

successfully. Thus, what failure implies here is failure to pay

heed to the instruction " maintain level between -30" and thu level
to which it was lowered to control power", and results in water

level being maintained too high.

O
The value used for LCO2 is propagated through the event tree into

sequences S-10 through S-16 as a conditional probability of failure i

to control level, ulven that SLC has been successfully initiated.

We will use the decision trees of EPRI TR-100259 as a basis for

i estimating this number.

|
! Since this number is contingent upon the successful recognition of

the need to inject SLC, and this is likely to occur early, given

successful identification of the need for level control (P, success),
there should be ample chance to recover from an initial step in

10'3, and the HEP is dominated by P, (seeexecution. (i.e., P, <
;

I attached worksheet).

4FWHICPEC5:3-2 P, = 10 (Mean value)

An error factor of 3 is assigned (see attachment A)

14
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ADS Inhibit

O
With successful level control and successful identification of the

need to initiate SLC, the operators will have had two separate

written instructions to inhibit ADS. In addition, when level is

lowered, the ADS alarm will come on at Lcycl 1 acting as a further

prompt.

If the level is not lowered, which can only occur if the MFP is

initiated before level 1 is reached, there will be no need to

inhibit ADS.
,

O

,
,,

o

n

O
15

__ _ _ _ _ - _ _ . - _ _ _ _- _ ___-_______ _ _ _



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

_

N

O

WORL5HEET FOR CALCULATION OF pc

scenario

<
- ,

wit Lc_,

Cue (s):

Duration of time window availahle for act'on (Tw): Seconds.

Approximate start time for Twt

Pro <:edJre and ste) governing H!!

A. Initial (st mate of pc {

RedWCe "pc Failure Mechanism tranch 3(P TW by

pe t Availa9111ty of information 8/k m, __ sin.a+

Pcht Failu *e of attention Md N/A sin.

pect Misread /alscommuunicate data /YM 4/A sin,

pedt In#ormation aisleading d ufL _ sin.

pcet f aip a step in procedure t' e'f . _ lf. _ sin. .o t e '4"YW

pcft Misinterpret instruction NA 4/A ute.

pcgt Misinterpret decision logic co b N/A _ sin.

pch. Deliberate violation A/4 N/A sin.

Sus of oca th m gh pch = Initial pc -08

Total reduction in TW = . ,g i n .

Effective TW= min.

Check here if recovery credit c1 steed on page 2:

Notest

|

@
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() However, this action is dependent on the initiation of SLc and level

control. If these are successful, the only way to miss this action

is by missing the two steps in the procedures, and by missing the

alaru. This is extremely low probability and the failure to

manipulate the switch, i.e., P, will dominate.

This value is taken f rom NUREG/CR-1278, assuming item 2 Table 20-12.
It is certainly arguable that items 3 or 4 may be more appropriate,

but item 2 is chosen as a conservative option.

To convert a median value into a mean value the following formula is
used:

_ _

~

mean = exp _1_ 1n EF' 2

Median 2 ,1.645
,

Summary: HEP for event ADHICPC51-ADS-A is given a

mean value = 3.8E-3 and an EP = 3

The same value is used on both the success and failure of level

control as the same failure mechanirm and conditions apply. Even if

level-is restored and rostored high, it is judged that level would

dip below level 1 for a brief period. However, it should be noted

that the timer will stop running if the level exceeds level 1 again,

therefore, use of this value on the failure to control level branch

is probably conservative,

'

Initiation of sig

on the successful-level control branch, as mentioned earlier, it is

assumed that the operators have successfully recognized the need to

initiate - SLC. In -- this case, the ---remaining failure- mechanism- is

failure to initiate.

P is taken from Table 20-12 of NUREG/CR-1278, using item no. 3 as

)_
t

a typical value.

17
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median = 10'3
EF 3.a

1.25 x 10'3mean =

for event SLHICPEQ-6-SLC1

It should be noted that with auccessful level control there is ample
time to recover from the execution error and hence this value is
considered conservative.

{
on the branch for failure to control level, it is conservatively

,

assumed that the probability of failure to initiate SLC is unity.

An alternate approach would have been to estimate an HEP based on

the time available before containment failure using the HCR/ ORE

model.

.

Function X - Initiation of DenressurizatioQ

It is assumed that depressurization is always needed i.e., HCTL is
always reached. Given successful level control and initiation of

SLC, there is no failure even if depressurization is not performed

when SP temp exceeds HCTL. Therefore, it is difficult to defino a

time window. Thus, the HCR method is inapplicable. Instead the

alternate EPRI TR-100259 method is used as shown on the attached

worksheet.

With failure to lower level, the HCTL is reached earlier and thus

the probability of failure is expected to be a little higher. Even

though not part of the EPRI method,.this HEP will be evaluated by

doubling the number for the previous case. This is somewhat

arbitrary. but done to maintain relative signiticance.

Therefore:

ADHICPEC5-ADS-FL = .007 EF = 5

A'0HICPEC5-ADS-FX = .014 EF = 3

O
The P, contribution is negligible, e ace given the decision has been

18
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made to depressurize, there is obvious feedback in whether it has 1

(~") been successfully performed, and the action is simple, and as
~

discussed earlier, failure to depressurl:e is not a failure.

|
)

.

i (

|

|

/D
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WOPI5HEIT TOR CALullAT10m er pc

scenariot

$N b tlje umu & M YGHit m

cue (s) Rv/.

Duration of time window availabit for action (Tw): M4 secondt.

Approximate start time for TW:

Procedure and Step governing H!!

A. Initial (stinate of pc
Reece

pc Failure Meenantta tranch MEP TW by

7
pc t Availagility of information A h - _ min. Mj -

e

Oct: Failure of attention A f.- 4/A sin. . ec6 - luuW ,

##
pe t Mi* read /aiscommunicata data 4. W/A sin. y-c

Ded: Information misleading a,. . M/A _ min. y
.Cea ti. Q.

pc s $ kip a step in procedurs 6/[ 4/a sin. . w o 8- dd Ye $2 f__

pcft Misinterpett inttmetion _A N/A ein.
06** #T%Ecgt Mitinterpret dGcision log 1C k. 4/a ein. W-
!" A

pcht Deliberate violation d 4/A _ sin.
/4 '

Sua of pet througt pch = Initial pc ,d% . . Oo P ,

Total reduction in TW = eta.

(ffective TW = sin.

check here if recovery crudit claimed on page 21 ,

Notest

.

O
1
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1
Event V

; Tno initiation of low pressure systems is necessary following q
succeanful inhibit of ADS, and successful blowdown. When the |

|emergency blowdown procedure is used, the procedure says to

terminate and prevent injection from LPCS and LPCI.
'

This event is clearly coupled with event X cognitively, and ,

therefore, the probability is estimate.1 on the basis of the P, term.
I There is no time to recover from errors of commission or of omission

in this scenario.

The probability should be no different from a non-ATWS case since

the' reactor is being shutdown. Indeed, in the case of successful LC

and SLC in a timely manner, HCTL is reached at 0.25 hrs (MAAP

11_,03_48)- and therefore the reactor is close to being shutdown. .

,

Given that the decision has been made to blowdown and it has been

perfortred correctly, the primary failure mechanism is assumed to be
,

an error of commission, Using Table 20-12 of Ref. 1, item 3, and

treating initiating all three pumps (RHR A, RHR B, and LPCS) as
being totally correlated, a median value of .001 is used.

Summary! HEP for HIHICPEC5-3:2-S has a mean value of 0 001 and an

EF = 3

Event V' - RPV Overfill

This event is dependent on successful initiation of low prest.ure

injection, and is really a control action. None cf the models is

really applicable. The operators have be alert to level changes

and control--level if-it gets too high.
,

However, one possible mechanism is to miss the step in the procedare
that says (terminate and prevent). Using the EPRI TR-100259

approach,

21
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Mechanism (e), and point (e) gives an llEP = 0.002
'

!

Sumnary HEP for HIHICPEC5-S-CRIT has a mean value of 0.002, and an
|

EP = 3

Initiation of RHR and,.1e_ntine

For the upper branch, with successful initiation of SLC and level

control, the time window for successful initiation of RHR and
venting is long (several hourn) and therefore, the !!EP in small.

This is assumed to be the same as for the transients with scram (see
discussion under the loss of offsite powar event tree). '

For the lower branch (ie., LC failed), the time scale is shorter,

although not significantly so, and the same HEPs are used.
,

Functions following railure of Feudwater E anch, U.3

O'
Chronologically, the first action required (or even possible, taking

into account the 55 sec delay for FW restoration) is initiation ef

SLC. However, even with successful SLC it is not c. lear that core

damage can be avoided without restcring the level above -30".

Therefore, the two connected actions of restoring MFP and/or

depressuriz!ng and establishing LPI before reaching ~30" are
regarded as key.

In the worst case, (no HPCS and no FW), Level 1 is reached in 1.9

minutes. Therefore, inhibiting ADS, nust be achieved before 1 min

55 secs + 105 secs from the beginning of the transient, i.e., 220

secs. In addition, MAAP run 11_03 ,47 showc that there are an extra

33 secs before the RPV pressure reaches the LPCS shut-off head.

Inhibitina ADS is almost at the level of a memorized action, but

even it if is not, there are two separate occasions that are called

for in the procedures RP/Q, and Level / Power control.

22
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|

These should be reached at about 40 seconds into the accident.

(
'

Treating this as a type CPI action (2) assume 60 secs for T and, V2,

assume 15 secs to get the keys for the ADS inhibit owitch, then Tv

= 253 - 55 = - 203 secs.

1 - [) ( W*'*)P, 1- (1.755) 0.036= = =

.7--

Given the switches are well indicated, the failure to perform the

action is 10'3 (no chance credited for recovery). Thus the

failure to inhibit ADS is assessed as .036. Since this event

appears in the event tree af ter f ailure to restore feedwater, it is

included as a conditional probability given by:

ADHlCPC5-1-ADS-0 = . 02 6 .036 7.2= =

FWHICPEL-2-FDW-V .005

.where AWHICPEL-2-FDW-V is the failure to restore feedwater - see

below.

Failure to restore feedwater, FWHICPEL-2-FDW-V, has a time window

greater than 12 minu''.es. The time window is measured up to the

onset of core damage. (MAAP run 11_03_49)

The first procedural instruction encountered will be in level / power

control procedu?:e, which should be picked up in about 1 minute

(power is >4%, and SRV is open and pool temp reaches 110*F in about

40 sec).

Restoring feedwater is a simple task controlling MFP flow-

therefore the DDD contribution ought to becontrol valves -

dominant. Given this is the case, and the actions to initiate FW

and to blowdown are guided by the same symptom level and by the

same part of the procedure, the cognitiva parts of the HIs to

initiate injection from MPP and to initiate blowdown are regarded

as completely correlated.

O
O If it is assumed that the operators take charge of FW as quickly as

1

23 |
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,

they can in accordance with procedures, then the median time is

assumed to be about 2 minutes (the operator cannot succeed befora 55

secs because of interlocks). With a time window of 12 mins, the

liCR/ ORE model gives a probability of f ailure for c *cnt

FWi!ICPEC-2-FDW-V, of

1 - [)(in or/2)) 0.005 EF = 5-
s

.7-

Note that this same basic event is used in both the U3 FPf event and
in the X14 FFT.

Given that SLC followe successful ADS inhibit on the tree, the same

value for failure to initiate is used as before. The same liEPs are

used in all the remaining functions.
,

9

e

,

9

O
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|

2.2 ATW8 with PCS available (T3A-C): h

In this case, the level will drop extremely quickly, to below level

1 in 1.9 minutes. Bypassing the MSIV isolation signal on level 1,

although a simple action, does not appear to be high on the list of

priorities of the operators. Therefore, the likelihood they will

succeed is essentially zero. Therefore, HEP NSHICPEC5-L173 = 1.0.

Ilowever, if the MFP is restored early enough, and level can be kept

above level 1, the MSIVs kill not close, so event Q in function QO1

could be modified ac

QO1

'

.

I I

Current Operators fail to h
restore MFP in a

QO1 timely manner

QHI

Since the time is so short, es: 'tially no credit is given and QO1

is assumed to be 1.0. The tree then in developed exactly like the

T2-C event tree, ie., MSIVs closed. If it could be shown that the

SRVs would reclose with the level above Level 1, then it is possible
that some chance of maintaining MSIVs open could be given.

.

O
26
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2.3 Event Tree (T3B-C):

As for T3 A-C, function QO1 is 1.0 as above.

The other events may be analyzed as in the, T2-C tree. However, in

this case the function U3 1.0, and the value for ADS inhibit is=

the actual value calculated, not the ratio used previously, i.e.,

0.036.

2.4 Event Tree (T1AC):
_

Model as for the T3 B-C event tree with U3 f ailed since feedwater is
lost.

2.5 Event Tree (T1-C):

Modal as for failure of U3 branch in T2-C, with ADS inhibit value

being 0.036.

O
2.0 IORV ATWS (T3C-C):

The pool temperature reaches 110'F in about 20 minutes (analysis file

AS-11). This is the cue to scram the reactor, and if it does not *

scram, to initiate ho an injection, and since all these conditions

(power >4%, pool temperature above 110*F, and an SRV open) exist, the

operators wi'.1 begin to lower level. This is done in a controlled

manner, although the level / power procedure instructs the operators

to terminate and prevent all injection. Since this is a controlled

level reduction, the chances of restoring feedwater (motor-driven)

at TAT are much greater.

The level will have to be dropped to TAF, since an SRV is open,

otherwise if it reclosed, level may be maintained above level 1.

Therefore bypassing the MSIV closure signal is of concern. This is

addrc<ased in the power / level procedure.

32
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A screening value of 0.1 is considered adequate for maintaining SRVs
eper. This is event NSHICPEC5-2-4L1.

A screening value of 10 2 is proposed for establishing injection with
the MFF, event FWHICPEL-2-FDW-L, since the transition can be

performed in an orderly manner.

With the feedwater available, the other HEPs are as in the MSIV

closure A7VS case (they are all conditional probabilities, not time

dominated HEPs).

With MSIVs open, RHR is still regrtre" _since heat is going to the

4. W ,- - r, fa..ure to initiate RHR and ventingpool through the SORV.

could be lower. Using the values suggested for ATWS will be

conservative, but won't contribute much to CDF.

With failure to establish feedwater, inhibit ADS still has to be

achieved in the same time scale. Therefore, the same value as for

) T2-C with failure in U is used. However, this is fed into the modelI
3t-

as a conditional probability for event ADHICPC5-1-ADS-I equal te

,P_(fpailure to inhibit) 3.6.036= -

P(failure to maintain FW) .01

w
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3.0 PNPP LOSS OF OFFSITE POWER SEQUENCES

O
The purpose of this section is to document the human reliability

analysis for postulated loss of offsite power sequences at PNPP.

Again, the HI events are discussed in the order in which they appear
in the event trees. The events are as follows:

>

Event Tree T1

Event Q - Contains RPHICPERC-1:Q-2 - failure to manually scram
_

the reactor. This is a skill-based action and is
given an HEP of 10''. a

Contains HPHICPEL-1 - failure to initiate highEvent U -

3

6pressure injection give auto-start failed. This is

an instinctive type of annunciator response and is

also covered by a step in the RPV- Level Control

procedure. An HEP 1.25E-3 is used as a typical

value.

Contain' n CPEL-1 - this is the same event as aboveEvent U -

2

but related to RCIC. It is included in the model

with the Same identifier as above since the two
actions are clearly correlated.

For both these actions there is a long time (24 mins

from MAAP run 10_,00_50) f rom Level 2 to TAF, the time
within which the operators have to take note of th '

failure to initiate.

!
Contains RCHICPSE51-LDTRIP - f ailure to recover f rom

RCIC High Temperatere Leak Detection trip during LOOP

event. This trip is actuated after a 30 minute time

delay. The alarm condition is clearly annunciated in

the main control room. A value of 0.05 is considered

conservative.

34
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Event W; - The functional fault tree contains the events
#
! T CVHICPEPC-COM and CVHICPEPC-RHR-E, and the system
\''-}

fault tree for the suppression pool cooling function

contains the HI basic event SCHICPSE12-5:3.

In function W,, the success c'iterion is that

suppression pool cooling should be started before the

pool temperature gets to 185' (RCIC limitation),

which occurs in 2.8 hours. In this model the first

two events are associated with the cognitive part of

the response, i.e., the product of the two events is

the probability of not recognir4.ng the need to

initiate RHR (DDD phase). The reason for including

two events is discussed later under event Y. The

SCHICPSER-5:3 event is associated with the line-up of '

RHR for suppression pool cooling.

.

The f ailure probability in the DDD phase is estimated
,m

(v) using the HCR/ ORE approach. If a response time

(T1/2) of 5 mins is assumed, since this is a type CP3

HI, with a value of 0.75 and an assumed 5 minutes

required for lineup,

- -

. _

-
--

Pc = 1 - () IHU5V5) - 1- ()(4.5) 10 "'-

-~

"_.75 j

For reasons explained later this is partitioned between the CV

events in the following way

4CVHICPEPC-COM = 10
dCVHICPEPC-RHR-E = 10

&

For suppression pool cooling only four manual actions (per train)

that need to be performed in the control room (SOI-E12, p.9).

Initiation of suppression pool cooling is an action that is
C
Q performed relatively frequently and practiced in the simulator. In

7, addition, trere is ample time to correct for mistakes given that

I
~
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initial line-up has not succeeded, and suppression pool temperature

fis a key parameter that is attended to. Therefore, an HEP of 10 is4

considered adequate for this function.

This is based on the following argument. An error of omission of
410 per item and an error of commission of 104 per item is obtained

per item 3 of Table 20-7, and item 4 of Table 20-12 (corrected by a
factor of 2.7 per EF, all numbers rounded to nearest whole number)

4giving a base HEP cf 5x10 per train. However, st'ps 9+11 require

checking flow through the pump and act as a potent recovery
_

mechanism. A recovery f actor of 0. 3 per step is applied and this

reduces the HEP to 5x104 The value is conservatively taken as
1.0x104

Functi_pn X. Emeraency Depressurizatiom

Even though, in this scenario, the operators may be elepressurizing
slowly by following the HCTL, the more demanding scenario that RCIC
fails, and the reactor has to be depressurized to allow low pressure |h
injection, will be assumed.

The cues are based on RPV level and are different from these
assocf.ated with function Ws. Therefore, even if fe.ilure in . unction -

Ws is a result of operator inaction, this set of cues acts like a

new set of stimuli and the event is treated as independent. This

late into the accident, the time for boil-of f is considerably longer

than that available in the case of immediate loss of all injection.

Therefore, the value used for transients with loss of high prescure

injection is conservatively used in this case, and also for

functions X22, and X23, which occur even later into the transient

(see later). The value is conservatively taken as 1.00E-3.

Event V

Contains event LPHICPEL-1. "l'is is the event representing failure

to align low pressure injection given su'cessful blowdown. The

value of 1.25E-3 is used for event LPHICPEL-1. This is the same as

36
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i -. I

l

|
used for HPHICPEL-1, even though this could be argued to be lower as

n

:G lt is a planned action, rather than a response to-a sudden change in
plant status.

Event V,

Function tree Vn12 contains the HI event FPHICPPS4:2RCIC3, which
represents-failure to align fire dater after HPCS fai)s due to high
MCC temp. The time window'to the failure is on the order of 10
hours. .At this time, the boi]-off time ought to be on the order of

at least 3-4 hours per-(MAAP 10_01_01).

According to a walkdown performed.by the operations department, it

takes about 75 mins to perform the line-up, thus thic allows at

-least a couple of attempts to line up.
j

It #s judged that the execution probability will dominate the HEP,.

since - the proceduro clearly calls for alignment of RHR loop B

7 containment flooding (PEI-SP1 section 4.2) if no more than one

source'of injection'is lined up.

If it can be assumed-that the operators would attempt to line up all

the sources of LPI before lining up Firewater Alternate Injection,

the time window could be much greater than 3-4 hours.

There=about ten' steps in the procedure, therefore conservatively

assume a 0.1 value for a raw P,. Since there is time for at least

one more attempt to perform the alignment, we model the HI as (.1)2i:

1.e., 0.01.
\_

Also included in the function is event FPHICPPS4:2-DD-0, fali~re to

maintain fuel oil for the diesel-driven' fire pump. This.is called

out as step 9 in Section 4.3 of ONI-R30. Given that a loss of

1, offsite power is obvious, the main failure mechanism will be missing

the step in the procedure. Given that about 7.5 hours is available

on 1/2 tank, the execution steps ought to be achievable. Assume a
,

|
value of-3X10'2 since the procedure is somewhat long.

l 37
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1

Function Tree Va07 contains the HI event FPHICPPS4 :2RCICI - failure
to align firewater given RCIC fails due to Emergency RPV

'

Depressurization at the Heat Capacity Temperature Limit of 185F.

This failure occurs at about 3 hours, with a boil-off time of about

2 hours. We conservatively use an HEP = 0.3. However, this action

is proceduralized and is empnasized in training whien encourages the
pre-lineup of an alternate injection system if no more than one

injection system is available. On the other hand, the lineup is

mimicked though not actually performed during simulator exercises.

On balance, 1t is considered that this assessment may be somewhat
conservative.

_.

Function Tree Va04 contains the HI event FPHICPPS4 : 2RCIC2 - f ailure
to align firewater given RHR fails due to MCC temp. This failure

occurs at about 5 hours, with a boil-off time of about 2 hours.

(See analysis file AS-10 under discussion for sequence B-U1). We

conservatively use an HEP = 0,1, but take no credit for a second
attempt as in the case of function Val 2. Again, it is considered

this assessment ma3 be somewhat conscWative.

Function Tree Va12 contains the HI event FPHICPPS4 : 2RCIC3 - f ailure
to align firewater given HPCS fails due to MCC temperature. This

failure is postulated at about 10 hours, with a boildown time of -

about 2.7 hours. Since the timewindow is extended from the

beginning of the transient, an HEP of 0.01 is conse rvati vely

assumed.

Function Tree Va20 contains the HI event FPHICPPS4 : 2RCIC4 - tailure
to align fast fire protection alternate injection given a loss of

all injection before the indicated minimum zero injection water

level MZIWL is reached. The boildown time from Level 2 to the

indicated MZIWL of 24 minutes will provide ample time for a fast

connecting 3-valve lineup. Since the time is short an HEP of 0.1 is

conservatively applied.

Function W - Containment Heat Removal with RHR

30
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The functional fault tree has the same structure as for W, discussed
earlier. However, because of the longer time available, and the

additional opportunities for recovery from an error in the DDD

phase, afforded by a shift change, and input from the tech support
center, the HEP in this phase is assessed to be lower than the 10''

assessed for W,. It - is taken to be 10 5 This is accommodated by
giving event CVHICPEPC-RHR_ the value of 10 2.

In addition, the containment spray mode of RHR has an event

SCHICPSE12-5:3. This represents failure to execute the action of

initiation, which ic essentially to arm and depress the manual

pushbutton (p. 9 of SOI-E12) . The HEP is conservatively assessed as
10 '' , similar to RHR-SP initiation. (Note this is manually much

simpler, but the same HEP is used).

Function Y - Ventina

The decision to vent is considered to be somewhat correlated with

the decision to initiate kHR. This is a little conservative, since

the cuer are different, suppression pool cooling being cued off

suppression pool temperature, and venting being cued off containment
pressure. The HEPs are ccmbined to give a total HEP of failure to

initiate RHR and venting of 10''' Failure to decide to vent is

assessed to have a moderately higher HEP than the decision to

initiate RHR because of its implications for potential offsite

releases. Therefore the independent value is assumed to be 10 '' .
While the constraints that failure to initiate RHR is at 10'5, the

constraint imposed not to give an HEP lower than 10'6 was met by

creating-the event CVHIPEPC-COM with a value of 10'3, and the event
CVHIPEPC-RHR has a value of 10 2, and CVHICPEPC -FPCC has a value of

10'' .

The - system fault tree for venting also contains two events which

represent the lineup of venting paths. These are called for in the

-
procedures when the pressure reaches 15 psig. The events are

CVHICPPS7:3G41-T representing failure to align the FPCC for vent,

j
and CVHICPPS7:4E12-T, failure to align for RHR containment venting

;

39
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l

,

through the containment spray sparger.

O
The preparatory vark for both paths is initiated when containment

pressure is at 15 psig. Both involve opening a manual valve. For

the FPCC lineup, in addition, a tank has to be drained (PEI-SPI,

page 49). The time taken to achieve the lineup is on the order of

25 mins according to the operations staff. Since about 5 hours is
available between 15 psig and the venting pressure (on the order of

35 psig) (MAAP run 05_01_01) there is ample time to do this. The

containment spray initiation overrides are precautionary and failure

to accompliuh them would not defeat the venting function.

Venting through the FPCC is accomplished by opening two valves,

(1G41-F14 5 and 1G41-F14 0) . Since failure will not occur for some

time after the initiation temperature and close attention will be

paid to containment pressure, the HEP for execution is judged to be

low and on the order of 104

The procedure for implementing the RHR vent path involves closing

two valves, opening a manual valve (1 for each train), and contains

precautionary steps to inhibit containment spray, and therefore is

somewhat more complex than implementing the FPCC path.
4Nevertheless, given the slowly developing accident, the HEP of 10

is again used.

The system fault tree for Function Y also contains event

CVHICRPS7:3G41-T which represents failure of a recovery action to

open the outocard valve manually, given it has failed to open

remotely. This is assessed as having an HEP of 5x10-2 on the basis
of there being adequate time to identify the problem and carry out

the recovery.

O
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Event Tree B

The HIs are the same as in eve.nt tree T1.

Event _ Tree U

The HIs are the same as in event tree T .i

Event Trees T1Pl. T1P1U. T1P2

The analysis file AS-09 does not differentiate between the success

criteria for the HEP for these trees and the T1 tree.

4.0 PNPP STATION BLACKOUT SEQUENCES

The purpose of this section la to document the human reliability

analysis for postulated station blackout scenarios at PNPP. The
TN
'ig principal HI events are discussed as they occur in the scenarios.

Event Tree _3

Lvent U1. High Pressure Core Sorav

The ' event contains HI event HPHICPEL-1, representing failure to

start HPCS given auto start fails on level 2. The time window is 28

minutes (given RCIC has also failed). This is an instinctive type

of-response, and the screening value of 1.25E-3 iF used as in 'he

case of ' ass of offsite power sequences.

Event HI - Operator Actions Taken to Extend HPCS Operation

This is conservatively modeled as an OP gate of two HIs. The-first

is HIHI CPOR10-4:3-B which represo;.ts failure to cross tie unit 1

and unit 2 batteries and perform load shedding. The action is

V directed by ONI-R10 (section 4.3). The time window to perform the

cross-tie is 2 hours. A caution warns against cross-tying batteries

47
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.,

1

after two hours. There is ample time to enter Gie procedure,

therefore the P, parameter should be small- use 10'3

The P, parameter is a function of the complexity of the process for

cross-tying the Dc buses. A value of 10-2 is conservatively assumed
as a screening value. The action, per train involves closing two

breakers only, and should be simple. However, a relatively high

value was asrumed to reflect uncertainty in h.w much of the load

shedding is effective and therefore how much margin for error there

is. In fact, the shedding task has been enhanced by operator
_

walkthrough and its effectiveness verified by engineering

calculations.,

The second event is ::IPTr'POR10-4 : 3-D, which represents failure to

open the Division 3 switchgear room doors. The time wisd v '. s lo
hours, and the applicable procedure is ONI-R10. The en on is at

much simpler one (i.e., open a door) , thus assume a total HEP of

2x10-3 This event should be considered for a sensitivity analysis.

Given st : cess in HI, HPCS is assumed to be operable for 24 hours.

,

Event W - FFT WIS

Civen restoration of power to division 1 or 2 before 13 hours,

(success in R), RHR has to be initiated before containment pressure

reaches 50 psig (14.4 hours). The alignment time for the RHR,

system is estimated to be .8 hrs. Therefore, in this case, the time
,

window measured from power recovery is 1.4 hours. This is long

enough to assume a low P, ( ~ 10'') given that the accident has been in
progress for so long, and that concern for containment heat removal

will be high.

Event Y - Function Y16

Since this is a long-tern action, it is treated the same way as for

the loss of offsite power or transient trees.

O
Function Y17

48
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Event CVHICRPS7:3G41-T. 18 a contributor to the top gate of this
n_

f t.nction . -.Since it relates to a valve called out explicitly in the1 --

,

vent procedure,-and DC power is available to provide indication of

position, and there is a long time to perform the recovery, a value

of 0.05 is considered an appropriate HEP.

For sequences following failure of HPCS (U1), the analysis assumes

failure of RCIC on depressurization as a result of high suppression

pool temperature at 2.6 hours, with a 1. 5- hour time window -to

initiato the diesel-driven fire _ pump before TAF is reached at 4.1_

hours. 'Since i.he #ailure assumes depressurization there is no need

to consider failure to depressurize, which would in any case prolong <

RCIC life.

For consistency with the evaluation of event Va in tbe T1 event

tree, HI_ event FPHICPPS4:2RCIC1 will be assumed to have the same

value, i.e., 0.3.

Other HEPs are the same as for success in HPCS.

Event Tree BP1

The major difference in timing in this event tree is that, en

failure of HPCS, but success of RCIC, the fire water system is

required in a somewhat shorter time, about 3.8 hours, because RCIC-

-will-fail on depressurization when the suppression pool temperature

of 185 F is reached at 2.3 hours. The likelihood of success in Va

is similar for this situation as in the B event tree since the

timing is almost the same.

All other HEPs are the same as for the B tree.

Event Tree BP2

Use HEPs-from B event tree.

-O
-

49



.

. _M

5 2 8% 89 ??89 9?? 8*I! i g i8 EE 1157. I!! 'EE
, ,_ . . . . - . . - ,,.. *

%@@ .
'

f m
e-

Wa ;
* *;:. g; " . s&

;. . . . . .

wa y
v. .4 a. . . . . a. a. :. . 4 4 ., 4gm

. ea. . 6 e.: :
. . -

.
. .

.
. . . . .

. : : : : : 33333333333 ,s ~S.Em y y

3: _y u :i
-g ? ? ? ? - aaaa.;;. :. : aa : 1 : 1. aaai1 ;;a v

. .? .? .? ?. .? ? 9 .Y .? 5 .? .? .? .? .? .= .= .? .? ? .? ,?. .? .? .? .? .? .? .? .? .? .= .? a_ e as=
. . . ,. ,g

.22 3 .T. R .||: 3 .E 3 .'. * R a. .: 2 : .A. .E 0, s"A5
* *

. . , .a .a .3 .; . a * : * C. : 0 .t; ||| :.. .. . . , . . . . . . .

"]j. .- . .E.
i < a.

g g
=@DeItsce

4 kJ g =
@ **, .-

*
Og =$ .

;
>'

= m 4 m o
W

f :
.

e v : : e a"9_J
-

_x _e = Lu_x a --

-1 y
ay%

._
E= 1 >

Oyug i

- y
.5 i t.; ,At

. . - *

- . _ - - -$ -

; 7. _.

!m
_ " -8.}.s] =
e 8~Tu
g I* e *,

'I. ,, E Y;o . of

5 %
48 a *

:-* 7 .*
g % % 2*

1

21 !! *g

IS
3 8 a.

*
* * ,

.e
,

b ,

y _

sfii 7

. sir s2 _

_

-i m :

: ,35a
31_1 c.t
s

$5' g) y h il I! I E

. .
,

~=53r
.-

n :: . ( ,.ou
,

,

;g
.i =>

_S . _5. _3
. g . g . .s.

2

i~se . E,; -%

' .

,

ElIl

_1 __

S.e

-

' d :. 8 -;B
. t

M *i 5
''y- * .,

a
y E~

5'

3!
t =

9m. m , , ,.2 ,....a, to. i o.9 . e .. o . m . .,

IM 0 ( vitew 26+ h 0 -9 **90 W t a a ) d\ d l\ t.ats ia'. O

SO



l
1*

Y \
i

E : 3 3 e. 3 2 s. a. e. 3 . *3
'

I . .

X- E I 3
* * 3 T. 3 Y. 3 N.

* *8- e e . E
o m o A e . . . o 9 e = 9e

n. o e . g-5 g-S 3 g *3 a a S S 5 8 8 8 * S S 8 5 8 S S S **

. . . '
,

78 a8.

wB v .=
0 0 Y *O O E*

y-S
. . . ; a ? ? ? ? ? , g Te.

_=!.5
g- a ::, ; i , e . . . . : : : :: : : .vy y

i ?. ,. ?. ?. i. i. t. i. ,i. i .i i i. v .) & v v. .v v.v .v i ;i. sl*E .

I. I $ $ $ $-I $ $ $. $ $. $ $ I . I $ $ $ $ $ $ $ $
"

y,
. .

I $ $ .
. . . .

e
? ,,,$= age,S. 3a. : . - : : : : : : : : 5 a. . .aaaS5 a

. . . . ,. , . . . . .

a a
- .===- a a- a a

$' r
- .

-t8-
* a s :;;.* ,8 -E 2a *

3. E
*2*

*y"# 'l 2

bg : ; ; a E9 -;
';,.- : - .c. : - -

,. ,eJ

g "a

~!3 . *
't

g:! ,s
.

: e. a :- -

_

. a .

.

IsdE J

.
*TY3 *

-! "5
e. .

= :
. .,

8.ji.

* a. 7
.

m 48

. , , ,

n_:N: :
r2

1. * s' R
|. $~
1

ES
:.!-
i}p *

* s" 8 g. . , . .EB g g 2 21 =

$35E

*==s}e
< .
ua >

$.--s - -
. -

4

s Ev.-g-- 3
, *ess-

i

e -:- x: .
= =

.

. *
: . -

g.,
9: f
..

..M
-
O

n
k

sig: -4-

? X2p4 g ; .

3 *

-I

g "" .*

35- 5 3s 2; x3 :
. .-

900- JGC 8 e ms J 17104 **62 40 ( d6- 60 9 4 680 we 's J 18 a t tesac
(E 4 2 vu.(de 28 - 10 49 este 40 g tal sagg43si.mu14% 0

51
i

l
i

I
l

I



_ _ _ . _ _ _ _ _ _ _ _ _

W>

$ 2 3
I. I 8

.
- : , ,, , ,.

gQme g j 8 .O $ 5 5 . . .
* * *

e
M

B )' 3
*g -

I-v. .
.

Y. gi mgwp a . .

S M
'sv . 6 a e a tu '. t. ,i , .

I E E I "i m";

-*

T. , i. 5 T .! *f>8 . . .

g i i i i i t i I 5.
_ ,, - - *

ewet 3 a s a s. I : 5 J * : : O t '8- = - * * a -5
hN m 0 ~g

gli ,8

. = ira.1gs j a. aE }Erg :
"I -

: h
-:-

$ 0
*

1 - -

A.I
*

. w g!3.t - ,

f.2 T
'

35 I T
"

? I : '~

, e
-

3 I og
" Ig a
$3Y11 '

og 37#
. w

I
A,

h33 >

"j! '

s is
gga: =

I5 '
g

a- -.

52
:.5-
i;]Es ?

2*
Ib

$ n
@a

44

's b-
-

- -
* 4

{ 3-v
b _

ii

! I! 3-a
.
3, ,.

l';
si *

|
.:

E d. a Bm.s a
N

.

*t ;
' g

900-)l6 G * Ae3 11101 d'tf 90 4 26 + 10- 9 a 6 *O 4ei 44 H i s tuum
13] O e Tecrw 26 10-9 *ed, go d ad) 2e9\&Jitraghs C

52

|

- _ - - _ - - _ - _ _ _ _ - - - - - - - - - - - -



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

5.0 TRANSIENTS AND LOCAs
|

For most of _ the functions, the principal HIs are the same as for the

loss of offsite power event tree. However, the analysis for event

ADHICPEC2-ADS-T, the probability of failure to depressurize the

reactor, is presented here.

It is assumed that, in accordance with the procedures, ADS is

inhibited, and that it is necessary to initiate a blowdown.

The initial cue is RPV level reaching level-2, with HPCS and RCIC

not operating. The final cue to initiate emergency blowdown is RPV

-level reaching TAF. There is some margin, as the level can drop to

t.he MZIW level before core damage occurs. While the HCR/ ORE methods
could be used, the raethod is not particularly realistic for type CP2

actions with a long delay between the initial and secondary (or

trigger) cue. Therefore, the decision tree approach will be used

; (see attached).

1
The action is a simple action, and there is ample indication to show

whether it is being successful. Therefore, given that the correct

decision has been made, the probability of incorrectly executing the

blow 6 n is considered negligible, and the HEP is given by 1 x 10'3
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WORKSHEET FOR CALCUl> TION Of pc

Scenario: I<tte 4 a[ /m d ek, ( dAwm , ., , e t

H!: A ppR ?/t 2 A in "7

Cueis): 4.c/ J 'e..ei 2 ae,J d ~ u 3 . 2 .2 <J 7Mw

Ouration of time window available for action (Tw): Seconds.

Approximate start time for Tw:

Procedure and step governing H!:

A. Initial Estimate of pc
Reduce

PC Tailure Mechanism Branch HEP TW by
.

SYPc : Availability of information EE __ sin.a

0001 c*
Pcb: Failure of attention Il) .cos N/A ein. -

Pc : Hisread/miscorrmunicate data (^) A(6 N/A min.c

Ped: Information misleading (A) ^#9 _ N/A sin.

Pce: Skip a step in procedure (M del N/A sin._

Pcf: Misinterpret instruction to) ^") N/a min.

Pcg: Misinterpret decision logic (U AM N/A sin.

Pch: Deliberate violation f_p / ^ r0 N/A sin.

Sum of pea through pch = Initial pc ''0'#

Total reduction in Tw = min.

Effective Tw = min.

Check here if recovery credit claimeo on page 2: Y

Notes:

.

O
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WORKSHfET FOR CALCULATION 0F pc RECDVERY FACTORS

Scenario:

H!!

B. rec 0ve*Y FRCtori Identified!

.

.

._

C. Ret *r m 6 tctors Applied to pc~

. . . . , _

De Faile<e Initial N1tiply Final When

Mec anity HEP Pecevery FactD* DH h Effective

[gl' PCa .

g * 1 aa 71" % cf | 1| sam *| 'OOOU W%:Y t

PCC

Pcd

0w'sf W, est.~;hpce .o0t - ''

Dcf A'M ) h
<, % 4 f A 4- -

peg

PCh _

'O o /sua of m m ered pea through pch a Recovered pc

Time at which all recovery factors effective

l'"
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Given the minct differences in timing for TP1 and TP2 (reference

MAAP runs 10_00_50, 10_00_51, 10_00_53) this value is equally good

for all trees.

6.0 CTHER HI EVENTS
.

There are several other events included in the fault tree models,

which represents failure of the operator to recover from specific
'

failures. These human autions are generally governed by system

operating procedures, or special plant instructions. Since they

often appear in the fault tree models in an AND gate with hardware
_

failures, they are generally not important contributors. Rather

than perform a detailed analysis, the HrPs were assigned screening

values judgmentally using the following guidelines. In addition, an

attempt was made to characterize the relative likelihoods of the

event failures by considering the scenario specific influences.

1. If an action is called out in an SPI or an SOI that is

called for by the EOPs, then if the response time is

limited with respect tot he time taken to perform tb

required action an HEP of 0.1 is assumed. A higher value

is used when the available time constraints are very

tight. E

2. If as above, but not time limited, then allow for recovery 1

2by assessing HEPs in the range 0.1 to 10'3, particularly if,

these are alternate cues to lead to the required action,

or ifIthere are annunciators that direct attention.
3. If the actions are not called out specifically via the

EOPF, , a lower value than 0.1 is definitely not used.

4. For'Well practiced actions or those which are memorized

responses, an HEP of 10'3 may be assumed.

F.1 OTHER TYPE CP hit.

Theses events are discussed in turn below:
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ADHICPEC2-AD-LR Failure to recover from RPV depressurization

f') (when core damage has occurred) in a plant
N"-

damage state tree when depressurization has not

yet been acked. The value of 0.0001 is

considered appropriate since this is equal to

the HEP for failure to Emergency RPV

Depressurize daring a Transient times a recovery
faccor of 0.1.

CiHICP1008-4:2 Failure to shift condenser air removal to vac aum
pump and Auxiliarl Boiler. This is routinely

done as part of any shutdown in a controlled

manner and is regarded as skill of the craft.
\'It is also guided by the Integrat.ed Operating

Instruction. Therefore, the '- is considered'

3

to be low and estimated as 10'

CCHICPSP47-5:4 Failure to realign CCCW loop in 4.5 hours.

| The- are many indications of loss of a CCCW

purr train, and a long time to recover.

Therefore, the HEP is considered to be low and

estimated as 10'3
_

CDHICPPS2:1-XH1X Failure to bypass the RHR LOCA signal and

ree6tablish power to stub buses XH11 and/or

XH12. This is required to restore instrument

air and nuclear closed cooling. This is a

practiced response to a LOCA signal and the HEP

is 10d.

CTHICPPS4:4-ALT Failure to align condensate transfer as an

alternate injection system. This is essentially

a simple task (PEI-SPI, section 4.4) directed by

the EOPs. It does involve one ex-control room

action at the RHR Flush Water Control panel

(1H51-P275) on the 620' elevation of the Aux.
Building, and a verification step on the 599'
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elevation at the RHR pump room. Because these

might cause delays of several minutes, even
though there are more than 20 minutes to

complete the action, following the indication of

no injection at Level 2, relative'. little

credit is taken for this action in the short-
dterm and an HEP of 10 is assumed.

CTHICPPS4:4-ALT 6 Failure to align condensate transfer in 6 hours,

following success in HPCS. Since the available

time is now long, the boildown time is greater
-

than 1 hour, and the action is proceduralized in

the PEI-SPI, the value of 10'3 is assumed.

CTHICPPS4:4-ALTC This event is as above, but for the IORV

transient. Since the boil-of f time to TAF is

shorter (~15 vs 20 min), the HEP is

correspondingly hi ner and is assumed to be

3x104

DGHICP0011-2:5 Failure to initiate diesel generators.

Attempting to start a system which should have

started but didn't is an instinctive, learned -

response and in uniiornally given a value of

1.25E-3. (see also HPHICPEC-1).

ECHICPS P4 2-1. : 2 Failure to close Emergency Closed Cooling to

control Complex Chiller A/B Bypass Valve

following f:5)ure of the bypass valve to close l,

p duling auto ctart. ECC is required for the RHR

Room Cooler support of low pressure pump

operation. The time window is considered to be

several hours. A screening value of 0.05 is

assumed.

ECHICPSP42-4PMP Failure to initiate Emergency Closed Cooling

pump following auto start failure. It is

58
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considered that this failure to start would be

. identified with the normal control room

verification of automatic actions. A value of

0.05 is considered conservative.

ERHICPPS4 2-ESW Failure to establish ESW into the RPV for
containment flooding per PEI-SPI, section 4.2.

Although there may be a relatively long time _

available, the _ valve line-up is difficult so

d islittle credit is taken, and an HEP of 10

assumed.

FPHICPPS4:2FP-LE Failure to align the injection path for

FPHICPPS4 : 2 FP-I L alternate injection, (given core damage has

occurred), in accordance with PEI-SPI, section

4.2, in two time frames, less then 3 hours, and

greater then 3 hours. The HEPs are given

gradually lower values with increasing time
- frame of SE-2 and SE-3, respectively.

FWHICPSN27-4:1IA Failure to control feedwater and condensate

during a loss of instrument air. This is a

skill of the craft action, not explicitly
4addreriod in the procedures. An HEP of 10 is

assumed. .

FWHICPSN27-4:1IT. As _ for FWHICPSN27-4:1IA, failure to control

reactor feed pump following a loss of instrument

air, but later in the sequence. Since boil-off

time is much larger, a lower HEP of 5x10'3 is
used.

:

HIHICPOR10-4:0-I Failure to closs Fuel Pool Cooling & Cleanup
i

- Outboard Isolation valve 1G4.' 0F145, Containment

Fools Return outboard Isolat i.on before RPV

j Failure during a Station blackout event. RPV

"ailure occurs at about 1.8 hours with loss of
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all injection. The symptomatic Off-Hormal

Instruction OHI-R10, Loss of All AC , directs

that this isolation by manually closed within

_

1.5 hours, and monitors the completion of this

task within the defined time window with

Attachment 6, Steps That llave Titne Requirements.
The !!EP of 0.05 is considered conservative for
tho timewindow and the enhance ONI.

IIIllIUPOR10-XTIE Failure to cross-th. division 3 to the division

2 MCC. The power transfer task with hardwired

(cwitchgoar would open the closed inboard
containment isolation to enhance containment
venting reliability. Since the time to

pressurize containment 3s on the order of 12

hours, a value n' 605 is conservatively

applied.
.

IIPIIICPSE22-5 0 Failure to control liPCS min flow valve, given

11P11ICPSE22-5 2 f ailure to auto control, and failure to transfer

to suppression pool given failure to auto

switchover. They are called out via

verification steps in the system operating -

instruction and well practicod. Therefore an
!!EP of 5x10 2 is used for both,

r I A!!ICPSP51-4 : 2 Failure to reposition NCC lube oil cooler outlet

valve when an instrument air compressor auts

starts. Thic is a well practiced task. A

screening IIEP of 5x10 2 is assumed,
w

,

IGIII(TEll-1-ll2 If, Operator fails to initiate liydrogen Ignition
:

System is modeled in the Level 2 Accident

Progression Evont Tree. The most limiting time
_

window for hydrogen generation to commence is

for a loss of all injection accident where the-

_ naximua core clad temperature reaches 2200*F

I1

_
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after 51 minutes. The crew is trained to
routinely monitor and control hydrogen during an
accident in the Plant Emergency Instruction

flowchart uy placing the hydrogen analyzers on
tne third step of entering RPV Control. During
a loss of all injection the reactor water levele

!decreases below L1 (<16.5 inches above the TAF)
at about 29 minutes. The RPV water level

decrease below L1 is the entry condition to
I!! yds: ogen Control. The Unit Supervisor will

typically direct action from the flydrogen
iControl flow chart that the !!ydrogen Ignitors be

'

olace on about 1 minute after entering the flow

chart. The execution time to initiate this
,

system at a nearby back panel is relatively
short requiring about 30 seconds. Thus, the

value of 0.005 is considered conservative. .

LCllICPSE12-5:1 Failure f. o control R11R and LPCS min flow

LPiiICPSE21-5:1 values, given failure to auto control. They aro

callad out in verification steps in the

respective system operating instruction and well,

practiced. Therefore, an 11EP of 5x10 2 is used
for.both.

RCllICPSE51-5:1 Failure to control stCIC min flow valve, given
i

RCifICPEL-2-CST-S -failure to auto control; and failure to transfer

to the suppression pool when the CST become

depleted. They are called out via verification 4

steps in-the system operating instruction and

plant emergency instruction flow chart, and well

practiced. Therefore an llEP of 5x10 2 is used
,

l' for both.-

SIHICPSP57-7:1 Fa31ure to connect air cylindera to safety

O. related air system which backs up loss normal

system pressure. Since the safety related air

(1

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



_ __ _________ _ ___ __

receiver tankn are largo, it is considered that

the need to replenish the air would be several h
hours after the start of the initiator. Safety

Related Air is indicated and alarmed in the main
control room. A valua of 0.05 is conservatively

assigned.

SLHICPEQ-6-RPVLV Failure during ATWS to control RPV level and

maintain boron inventory given failure to ADS

Inhibit. During a full power ATWS with failure
of ADS Inhibit, studies like EPRI !!P-55 62 ,
Analysis of Anticipated Transients Without Scram

in Severe BWR Accidents (1987) have shown that
extended periods of time are available for

operator recovery action prior to postulated

severe core degradation or containment failure.

In the case of ADS Inhibit failure with auto low

pressure LPCS injection, a Peach Bottom type

reactor was determined to so) f-regulate the

reactor power by maintaining RPV pressure

slightly above the LPCS pump shutoff head and

reactor power was maintained at a quasi-static

power level of 2.6% of rated for several hours.

Furthermore, no excessive fuel pellet cladding
,

temperatures are predicted at any time during

the accident. Since it is more likely that ADS

Inhibit failure vill occur during a full power

ATWS due to the smaller time window, it is also

more likely that SLC recovery will overfill the
'

RPV with water injection due to the self-

regulating ATWS characteristic. Therefore, an

HEP of 0.05 is conservatively applied to define

the probability that RPV level will be

maintained and boron will not be flushed out the

SRVs.

O
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SPllICPPS4:5SPCU hilure to align suppression pool clean up

SPilICPPS4:5SPCUL system for alternute injection. Although

addressed in PEI-SPI, section 4.5, no credit is

taken in the pre-core da Age phase (-SPCU).
liowever. Iimited credit (5.E-2) is taken in the
plant *Mnage state trees for late injection

(SPCUL) .

TBilICPSM3 5 Failure to start the back-up fan in the turbine

building. Failure of a fan is alarmed in the

control room, and immediate action is not

required, therefore this is not a time critical

action and an intermediate llEP of 5x10 2 in
assumed.

D

6.2 OTi!ER TYPE CR !!Is

! In addition, any HIs that relate to recovery in the post coro-damage

phese are estimated on the basis of multiplying the !!EP evaluated

for the phase up to core damage by a factor of 0.1. This is

stomewhat arbitrary, but given that the procedures are being

followed, then there is some chance that the extra time available

will allow success. The following events fall into this category:

ADHICREC2-ADS-R Operator fails to recovery recover from RPV

emergency depressurization core damage before

RPV failure.

IAllICRSP52-7:2 Operator fails to override isolation signal to

reestablish instrument air following a LOCA

signal. Again, this is a practiced response to

the LOCA signal and an llEP of 0.1 is assumed.

SLCllICREQ-6-SLCR Operator falls to initiate SLC given core damagn

(/ failure before containment pressure threshold

limit.
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|
|

ATTACHMENT A

HEP ERROR FACTOR BASIS

|

|

The EPRI methods used in this analysis do not address uncertainty.
Consequently, the somewhat arbitrary approach of assigning error

factors on the basis of the point estimate was adopted as shown

below:

0.1< HEP <1.0 EF = 1.2

HEP-0.1 EF = 1.5

10 2 < llEP < 10*i EP = 3

10'3 < IIEP < 10 2 EF = 5

10'3 < HEP EF = 10

0

0
64
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ATTACEMENT B

HEPs FOR FLOODING ANALYSIS
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FLOODING TYPE CP HI MULTIPLIER FACTORS O
'

Internal Flooding has the initiators of PCS Loss, IA Loss, SV Loss, and
transient with PCS. Therefore, the HI associated with the following initiators
are not included: LOCA, ATVS, LOOL and SBO.

Multiplier Factors for the HI basic event where dete: mined as noted brJov during
a meeting with Vallace Colvin, John Spano, Bengt Lydell, and Eric Jorgensen on
18 December 1991. The basis for assignment is provided on the fJlloVing page.

FLOODING
HULTIPLIER

!!I BASIC EVENT HI DESCRIPTION

ADilICPEC2-ADS T FAILS TO EMERG RPV DEPRESS - TPANSIENT
1

CAllICPI008-4 7 OPERS FAIL TO SHIFT CONDENSER AIR REMOVAL TO VP & AB 2

CCHICPSP47 5 4 OPER FAILS TO REALIGN CCCV LOOP C BEFORE 4.5 HOURS
2

1
CDi!ICPPS2:1-XH1X OPER FAILS TO BYPASS RilR LOCA SIGNAL-XH1X
CSHICPET-2:P-1 OPER FAILS TO INITI ATE CNTHT SPRAY 1

CTHICPPS4:4 ALT OPERS FAIL 'io ALIGN CONDENSATE TRANSFER
F

~ F l

CTi!ICPPS4:4 ALT 6 OPERS FAIL TO ALIGN CONDENSATE TRANSFER - AT 6 il0URS !

CVilICPEPC-COM OPER FAILS TO INITIATE CNTMT PRESS CNTL AND VENT
1

CVilICPEPC-FPCC OPER FAILS TO INITIATE CNTMT PRESS CNTL VENTING
1 |

I
CVi!ICPEPC-R11R OPER FAILS TO INITIATE CNTMT PRESS CNTL RHR

1
CVilICPEPC-RHR-E OPER FAILS TO INITIATE Ri!R SPC EARLY
CVIIICPPS7:3E12-T OPER FAILS TO ALIGN RHR FOR CNTMT VENT

1

1
CVilICPPS7:3G41-T OPER FAILS TO ALIGN FPCC FOR CNTMT VENT 1
ECilICPSP42-4:2 OPERFAILS TO CLOSE VALVE OP42-F0150A(B)

1
FFilICPPS4:2RCIC1 FAIL TO ALIGN FP AFTER RCIC FAILS DUE TO SP TEMP 2
FPilICPPS4:2RCIC4 FAIL TO ALIGN FAST FIRE PROTECTION ALT INJECTION 1
ECl!ICPSP42-4PMP OPER FAILS TO INITIATE PUMP 1P42-C001A(B) 2
FVilICPSN27-4:11A OPER FAILS TO CNTRL RX FEED B0OSTER PUMP DURING IA LOSS
HIllICPAH13870ABI FAIL TO SECURE SV/ESV DURING 8-10 MIN FOR AB FLOOD

NA

HIllICPAH13870AB2 FAIL TO SECURE SV/ESV DURING 10-15 MIN FOR AB FLOOD
NA

ilIHICPAH13870AB3 FAIL TO SECURE SV/ESV DURING 15-40 MIN FOR AB FLOOD
NA

NA
HIHICPAill3870AB4 FAIL TO SECURE SV/ESV/CNDS- XFR AFTER 40 MIN FOR AB FLD! NA

f IIIllICPAH13870TB1 FAIL TO SECURE CIRC VATER /SV BY 14 MIN FOR TB FLOOD
IIIllICPAlll3870TB2 FAIL TO SECURE SV AFTEP. 30 MIN FOR TB FLOOD

NA

; lilllICPAlll3970CC1 FAIL TO SECURE SV/ESV DURING 8-10 MIN FOR CC FLOOD
NA|

HIHICPAH13970CC5 FAIL TO SECURE SV/ESV DURING 10-12 MIN FOR CC FLOOD
NA

'

,

HIllICPAH13970CC2 FAIL TO SECURE SV/ESV DURING 10-15 MIN FOR CC FLOOD
NA

l HIllICPAH13970CC3 FAIL TO SECURE SV/ESV DURING 15 40 MIN FOR CC FLOOD
NA

lilllICPAlll3970CC4 FAIL TO SECURE SV/ESV AFTER 40 MIN DURING CC FLOOD
NA

1

!!PilICPEL-1 OPER FAILS TO INITIATE HIGli PRESSURE INJECTION
1

HPl!ICPSE22-5:0 OPER FAILS TO CONTROL MIN FLOV VALVE 1E22-F012
1

IlPilICPSE22-5: 2 OPER FAILS TO XFR TO SUPR POOL VITH IE22-F015 2
IAHICPSP51-4:2 OPER FAILS TO REPOSITION NCC LUBE OIL CLR OUTLET VLV

1

LCi!ICPSL12-5:1 OPER FAILS TO CONTROL HIN FLOV VALVE 1E12-F064A
|fLPHICPEL-1 OPER FAILS TO INITIATE LOV PRESSUR ECCS

1

1

LPCPSE21-5:1 OPER FAILS TO CONTROL MIN FLOV VAdiL 1E21-F011
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FLOODING
HULTIPLIER

HI BASIC EVENT 111 DESCRIPTION

.RCilICPEL-2 CST S OPER FAILS TO PREVENT RCIC SUCTION SHIFT TO SP 1

RCHICPS51-EDTRTP OPER FAILS TO RECOVERY FROM RCIC llIGH TEMP LD TRIP .5F

RCHICPSE51-5:1 OPER FAILS TO PERFORM RCIC SUCTION SHIFT 1

RPHICPERC-It0-2 OPER FAILS TO MANUALLY SCRAM REACTOR 1

SCHICPSE12-5:3 OPER FAILS TO ALIGN RHR SUPR POOL COOLING 1

SIllICPSP57-7:1 OPER FAILS TO CONNECT AIR CYLINDERS 1

SPHICPPS4:5SPCUL OPERS FAIL TO ALIGN SUPR POOL C/U ALT INJECTION LATE 1

TBilICPSM35 OPER FAILS TO START STANDBY FAN 2 !

i

BASIS FOR MULTIPLIER FACTOR ASSIGNMENT

Multiplier Factors are appli9d tc the HIs used in the initial IPE study of
internal plant initiator to model the increased failure probability when

. performing flooding tasks to mitigato a plant transient. Increase human
interaction error is due to 1) increased stress as a result of the control ,

room response to a lov frequency event that challenges reactor safety, 2)
increased stress as-a result of mitigating a flooding event with less available
operations staff to perform routine recovery task - due to need to man power to
attend to the initiating flooding event, and/or 3) increased stress due to a t

high alarm and information processing during the unique flooding accident
- progression.

1. MULTIPLIER FACTOR - 1 No quantitative increase to the normal human
interaction model of operator response. The basis is that these actions are
the same or nearly the same as those previously modeled for non-flooding
events. No significant impact of any flooding initiator was identified
which vould degrade the control room response or the local manual action.

2. HULTIPLIER FACTOR - 2 The normal human interaction model of operator
responre'is increased by a factor of two. The basis is that-these actions

'

may be impacted by unique man power demands co mitigate the flooding event
or by the increased stress associated with the response to a challenging lov
ftequency event. This multiplier factor of.2 is considered to
conservatively bound the human interactions identified as listed below.
These human interaction events are not'periormed in critical time vindws
and thus a lov, yet conservative factor of 2 is postulated.

CAHICPI008-4:2- '0PERS FAIL TO SHIFT CONDENSER AIR REMOVAL TO VP & AB
CCHICPSP47 514 OPER FAILS TO REALIGN CCCV LOOP C BEFORE 4.5 HOURS
FVHICPSN2774:11A OPER FAILS TO CNTP.L RX FEED BOOSTER PUMP DURING IA LOSS
I AllICPSP51-4:2 OPER FAILS TO REPOSITION NCC LUBE OIL CLR OUTLET VLV

:TBHICPSM35 OPER FAILS TO START STANDBY FAN

O
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3. HULTIPLIEe. e .5F The normal human interaction model of operator response is
conserv t'vely set to a high screening value of 0.50 to account for the
potential for this alarm to be masked by the high frequency of f
alarm /information processing during the the first half hour of a lov ,

frequency flooding accident. |

RcilICPS51-LDTRIP OPER TAILS TO RECOVERY FROM RCIC llIGil TEMP LD TRIP

4. HULTIPLIER F The normn1 human interaction model of operator response is
conservatively set to the failed state to conservatively models the demand
for plant operators to attend to the flooding event results in the immediate
unavailability of personnel during the critical initial transient time
vindov, or the potentially hazardous environment associated with the task of :

ivalkbg through a flooded hallvay. A Multiplier Factor "F" vill be

calculated on a case by case basis which results in a system failure
probability of between .99 and 1.00. The events classified into this type

l are the following.

CTil1CPPS4:4 ALT OPERS FAIL TO ALIG. CONDENSATE TRANSFER
i

CTilICPPS4:4 ALT 6 bfERS FAIL TO ALIGN CONDENSATE TRANSFER - AT 61100RS
-

,

I~
,

5. MULTIPLIER - NA Not applicable, no multiplier factor is required with
those human interaction which are used only for flooding.

O

|

,

|
|
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I. LEVEL 1 AND PLA!ir DAMAGE STATE TYPE CP HIs

ERROR

HI ID HI DESCRIPTION HEP FACTOR

ADHICPC5-1-ADS-A OPER FAILS TO INHIBIT AD3 - ATVS VITH FEEDVATER 3.80E-3 5

ADEiICPC5-1-ADS-I OPER FAILS TO INHIBIT ADS - ATVS VITH IORY & VITH FITJ 3,6 -

ADHICPC5-1-ADS-L OPER FAILS TO INHIBIT ADS - ATVS VITH LOOP 3.60E-2 3

ADHICPC5-1-ADS-0 OPER FAILS TO INHIBIT ADS - ATVS VITH NO FEEDVATER 7.2 -

ADHICPEC2-ADS-T FAILS TO EMERG RPV DEPRESS - TRANSIDir 1.00E-3 5

ADHICPEC5-ADS-FL FAILS TO EMERG RPV EEPRESS - ATVS, CDV & LEVEL CONTROL 7.00E-3 5

ADHICPEC5-ADS-FX FAILS TO EMERG RPV D2 PRESS - ATVS, FDV & NO LEVEL ChTL 1.40E-2 3

CAHICPI008 4:2 OPERS FAIL TO SHIFT CONDENSER AIR REMOVAL TO VP & AB 1.00E-3 5

CCHICPSP47-5:4 OPER FAILS TO REALIGN CCCV LOOP C BEFCRE 4.5 HOLE.S 1.00E-3 5
'

CDHICPPS2:1-XH1X OPER FAILS TO BTPASS RER LOCA SIGNAL-XH1X 1.002-3 5

CSHICPET-2:P-1 OPER FAILS TO INITIATE CNTMT SPRAT 1.70E-2 3

CTHICPPS4:4-ALT OPERS FAIL TO ALIGN CONDENSATE TRANSFER 1.00E-1 1.5

CTHICPPS4:4-ALT 6 OPERS FAIL TO ALIGN CONDENSATE TRANSFER - AT 6 HOURS 1.00E-3 5

y CTHICPPS4 : 4- ALTC OPERS FAIL TO ALIGN CONDCISATE TRANSFER - IN T3C 3.00E-1 1.2

CVHICPEPC-COM OPER 7 AILS TO INITIATE CNTMT PRESS CfTL AND VEfir 1.00E-3 $

CVHICPEPC-FPCC OPER FAILS T9 INITIATE CNTMT PRRSS CNTL VENTING 1.00E-1 1.5
CVHICPEPC-RHR OPER FAILS TO IPT.TIATE CNTMT PRESS C4TL RHR 1.00E-2 3

CVHICPEPC-RHR-E OPER FAILS TO INITIATE RER SPC EARLY 1.00E-1 1.5

CVHICPPS7:3E12-T OPER FAILS TO ALIGN RHR FOR CNTHT VENT 1.00E-4 10

.
CVHICPPS7:3G41-T OPER FAILS TO ALIGN FPCC FOR CNTMT VFlTr 1.00E-4 10

DGHICPOS11-2:5 OPER FAILS TO INITIATE DIV 1 D/G 1.25E-3 5

ECHICPSP42 4:2 OPER FAILS TO CLOSE VALVE OP42-F0150A(B) 5.00E-2 3 |

ECHICPSP42-4PHP OPER FAILS TO INITIATE PUMP IP42-C001A(B) 5.00E-2 3 ;

ERE .PPS4:2-ESV OPERS FAIL TO ALIGN 2 VLVS FOR RPV INJECTION 1.00E-2 3 ;

FPil'.CPPS4 : 2-DD-0 OPERS FAIL TO MAINTAIN OIL FOR DIESEL DRIVEN FIRE FUMP 3.00E-2 3

FPHICPPS4:2RCICI FAIL TO ALIGN FP AFTER RCIC FAILS DUE TO SP TEMP 3.00E-1 1.2 t

FPHICPPS4:2RCIC2 FAIL TO ALIGN FP AFTER RHR FAILS DUE TO MCC TEMP 1.00E-1 1.5 !

FPHICPPS4:2RCIC3 FAIL TO ALIGN HPCS AFTER HPCS FAILS DUE TO MCC TEMP 1.00E-2 3 I

FPHICPPS4:2RCIC4 FAIL TO ALIGN FAST FIRE PROTECTION ALT INJECTION 1.00E-1 1.5 i
'

FVHICPEC5-2:3LCS OPER FAILS TO CONTROL LVL AT TAF 7ITH FDV DURING IORV 1.00E-2 3

FVEICPEC5-3:2 FAILS TO CNTRL RPV LVL AT TAF 1.00E-2 3 i

FVHICPEL-2-FDV-L OPER FAILS TO REOPEN MFP C0!TTROL VALVES FOR T3C-C 1.00E-2 3 [

FVHICPEL-2-FDV-V OPER FAII.S TO P20PDI MFP CONTROL VALVES 5.00E-3 1.2 |

jFVHICPSN27-4:11A OPER Ft.ILS TO CNTRL RX FEED BOOSTER PMP DURING IA LOSS 1.20E-1 1.5

@ O O
_
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!

5.00E-1 5
OPER FAILS TO CNTRL RFBP DURING IA LOSS > 2 HR 1.00E-3 5FVEICPSN27 4:1IL
FAILS TO RESTR RHR A/B OR I.MS & CNTL AT TAF

V/ FDV
1.00E-3 5HIHICPEC5-3:2-F

FAILS TO RESTR RER A/B OR LFCS & OTTL AT TAF
V/O FITJ

2.00E-3 5HIBICPEC5-3:2-S
OPER FAILS TO CNTRL RPV LVL & FUISHES BORON 1.00E-2 3IIIHICFECS-5-CRIT
OPERS FAIL TO X-TIE UNIT 1 & 2 BATTERIES AND LOAD SHED2.00E-3 3HIRICPOR10 4:3-B
OPER FAILS TO OPEN DIV 3 SVITCUGEAR ROOM DOOR 3,0CE-3 3HIHICPOR10 4:3-D

HIHICPORIO-XTIE OPER FAILS TO X-TIE DIV 3 AND 2 MCCs 1.25E-3 5
OPER FAILS TO INITIATE HIGH PRESSURE INJECTION 5.00E-2 3HPHILPEL-1
OPER FAILS TO CONTROL MIN FLOV VALVE 1R22-F012 5.00E-2 3HPHICPSE22-5:0
OPER FAILS TO IFR TO SUPR POOL VITH IE22-F015 5.00E-2 3HPHICPSE22-5:2
OPER FAILS TO REPOSITION NCC LUBE OIL CLR OUTLET VLVi

5.00E-2 3IAHICPSP51 4:2 ,

OPER FAILS TO CONTROL MIN FLOV VALVE 1E12-F064A I
1.00E-3 5LCHICPSE12-5:1

!GPER FAILS TO INITIATE LOV PRESSURE ECCS 5.00E-2 3LFHICPEL-1
OPER FAILS TO CONTROL MIN FLOV VALVE 1E21-F011 1.00E-1 1.5LPHICPSE21-5:1
OPER FAILS TO BTPASS MSIV LEVEL 1 ISOLATION FOR T3C-CNSffICPEC5-2-L1 1.00E+0 -

OPER FAILS TO BYP HSiv LVL 1 ISOL FOR T3C-A OR T38-CUSHICPECS-2-LIT 3 5.00E-2 3
OPER FAILS TO PREVENT RCIC SUCTION SHIFT TO SP 5.00E-2 3RCHICPEL-2-CST-S
OPER FAILS TO RECOVERY FROM RCIC HIGH TEMP LD TRIP5.00E-2 3PCIIICPSSI-LI7IRIP
OPER FAILS TO PERFORM RCIC SUCTION SHIFT 1.00E 4 10RCHICPSE51-5:1

" RPHICPERC-1:Q 7 OPEP FAILS TO MANUALLY SCRAM REACTOR
-J

1.09E-4 10

SCHICPSE12-5:3 OPER FAILS TO ALICN RHR SUPR POOL COOLING 5.00E-2 3

SIHICPSP57-7:1 OPER FAILS TO CONNECT AIR CYLINDERS 1.25E-3 5
OPER FAILS TO INITIATE SLC - 1 PUMP INJECTIONSLHICPEG-6-SLC1 1.00E+0 -

OPER FAILS TO INITIATE SLC - LEVEL CONTROL FAILURESLIIICPEG-6-SLCX 1.00E+0 -

OPERS FAIL TO ALIGN SUPR FOOL C/U ALT INJECTION 5.00E-2 3SPifICPPS4:5SPCU
OPER FAILS TO START STANDBY FANTBifICPSM35

|

. _ _ _ _
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2. FLOODING MULTIPLIER FACTORS AND ADJUSTED BEPs TYPE CP HIs

MUISIPLIER

HI ID HI DESCRIPTION OR HEP

ADHICPEC2-ADS-T FAILS TO EMFRG RPV DEPRESS - TRANSIEhT 1x

CAHICPIOO8-4:2 OPERS FAIL TO bHIFT CONDENSER AIR REMOVAL TO VP & AB 2x

CCHICPSP47-5:4 OPER FAILS TO REALIGN CCCV LOOP C BEFORE 4.5 HOURS 2x

CDHICPPS2:1-XH1X OPER FAILS TO BYPASS RHR LOCA SIGNAL-XH1X Ix

CSHICPET-2:P-1 OPER FAILS TO INITIATE CNTMT SPRAT 1x

CTHICPPS4:4-ALT OPERS FAIL TO ALIGN CONDENSATE TRANSFER 1.00E+0

CTHICPPS4:4-ALT 6 OPERS FAIL TO ALIGN CONDENSATE TRANSFER - AT 6 HOURS 1.00E+0

CVHICPEPC-COM OPER FAILS TO INITIATE CNTMT PRESS CNTL AND VENT 1x

CVHICPEFC-FPCC OPER FAILS TO INITIATE CfRMT PRE'c5 CfRL VENTING 1x

CVHICPEPC-RHR OPER FAILS TO INITIATE CFGMT PRESS CfGL RHR 1x

CVIIICPEPC-RHR-E OPER FAILS TO INITIATE RHR ST., 3RLY 1x

CVHICPPS7:3G41-T OPER FAILS TO ALIGN FPCC FOR iMT VE?C 1x

CVHICPPS7:3E12-T OPER FAILS TO ALIGN RHR FOR CNTMT VEIC 1x

4 ECHICPSP42-4:.2 OPER FAILS TO CLUSE VALVE OP42-F0150 1x

ECHICPSP42-4PMP OPER FAILS TO INITIATE PUMP 1P42-C001 1x"

FPHICPPS4:2RCICI FAIL TO ALIGN FP AFTER RCIC FAILS DUE TO SP TEMP 1x

FPHICPPS4:2RCIC4 FAIL TO ALIGN FAST FIRE PROTECTION ALT INJECTION 2x

FVHICPSN27-4: 1IA OPER FAILS TO ChTRL RX FEED BOOSTER PUMP DURING IA LOSS 2x

HPHICPEL-1 GPER FAILS TO INITIATE HIGH PRESSURE INJECTION 1x

HPHICPSE22-5:0 OPER FAILS TO CONTROL MIN FLOV VALVE 1E22-F012 1x

HPHICPSE22-5:2 OPER FAILS TO XFR TO SUPR POOL VITH 1E22-F015 1x

IAHICPSP51 4:2 OPER FAILS TO REPOSITION NCC LUBE OIL CLR OUTLET VLV 2x

LCHICPSE12-5:1 OPER FAILS TO CONTROL MIN FLOV VALVE 1E12-F064A 1x

LPilICPEL-1 OPER FAILS TO INITIATE LOV PRESSURE ECCS 1x

LPCPSE21-5:1 OPER FAILS TO CONTROL MIN FLOV VALVE 1E21-F011 1x

RCHICPEL-2-CST-S OPER FAILS TO PREVENT RCIC SUCTION SHIFT TO SP 1x

RCHICPSSl-LDTRIP OPER FAILS TO RECOVF*T FROM RCIC HICH TEMP LD TRIP 5.00E-1

RCHICPSE51-5:1 OPER FAILS TO PERFORd RCIC SUCTION SHIFT 1x

RPHICPERC-1:0-2 OPER FAILS TO MANUALLY SCRAM REACTOR Ix

SAHICPSP51 4:2 OPER FAILS TO REPOSIT NCC L0 CLR OUTLET 2x

SCHICPSE12-5:3 OPER FAILS TO ALIGN RHR SUPR POP'. COOLING 1x

SIBICPSP57-7:1 OPER FAILS TO CONNECT AIR CTLIhT,L.tS 1x

SPHICPP54:5SPCUL OPERS FAIL TO ALIGN SUPR POOL C/U ALT INJECTION LATE 1x

T3HICPSM35 OPER FAILS TO START STANDBT FAN 2x

9 G e
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3. FLOODING ONLY TYPE CF bis
ERROR

HEP FACTOR

HI ID' HI DESCRIPTION

HIBICPAff13870AB1 FAIL TO SECURE SU/ESV DURING 8-10 MIN FOR AB FLOOD
5.00E-1 1.2

HIHICPAH13870AB2 FAIL TO SECURE SV/ESV DURING 10-15 MIN FOR AB FIDCD
1.00E-1 1.5

HIHICP/JII387 CAB 3 FAIL TO SECUPS SV/ESV DURING 15 40 MIN FOR AB FLOOD
5.00E-2 3

(
5.00E-3 5

FAIL TO SECURE SV/ESV/CNDS XFR AFTER 40 MIN FOR AB FLDUIHICPAH13870A34 5.00E-2 3
FAIL TO SECURE CIRC VATER /SV BT 14 MIN FOR TB FLCCDHIHICPAH13870TB1

HIBICPAH13870TB2 FAIL TO SEC' IRE SV AFT 3 30 MIN FOR TB FLOOD
5.00E-3 5

HIHICPAH13970CC1 FAIL TO SECUPI SV/ESV DURING 8-10 MIN FOR CC FLOOD
5.00E-2 3 ;

i

HIIIICPAH13970CC5 FAIL TO SECURE SV/ESV DUPING 10-12 MIN FOR CC FLOOD
3.00E-1 1.2

HIHICPA!!13970CC2 FAIL TO SECURE SV/ES*J DURING 10-15 MIN FOR CC FLOOD
1.00E-1 1.5 |

|

HIIIICPAH13970CC3 F1IL TO SECURE SV/ESV DURING 15 40 MIN FOR LC FLOOD
5.00E-2 3

HIHICPAH13970CC4 F/.L TO SECURE SV/ESV AFTER 40 MIN DURING CC FLCOD
5.00E-3 5 ,

w
" 4. PLAIR DAMAGE STATE TYPE CP HIs

ERROR

HEP FACTOR

HI ID HI DESCRIPTION

1.00E 4 10
FAILS TO RECOVER FROM RPV OEPRESS CD FAILUREADHICPEC2-ADS-LR 5.00E-2 5
OPERS FAIL TO ALIGN VLVS FOR FP LATE-INJ - BEFOR 3 HRSFPHICPPS4:2FP-LE 5.00E-3 5
OPERS FAIL TO ALIGN VLVS FOR FP LATE-INJ - AFTER 3 HRSFPHICPPS4:2FP-LL 5.002-2 5
OPER FAILS TO CLOSE FPCC OTBD ISOLATION - G41-F145HIliIC?CR10-4:0-I 5.00E-2 3
OPER FAILS TO CNTL RPV LEVEL & MAI?iIN BORON INVENTORTSLHICFEO-6-RPVLV 3.00E-2 5
OPERS FAIL TO ALlGN SUPR FOOL C/U ALT INJECTION LATESPlilCPPS4 :5SPCUL

,
______

..
.
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5. ACCIDENT PROGRESSION EVEhT TREE TYPE CP EI

ERROR

HI ID HI DESCRIPTION HEP FACTOR ,

IGHICPEH-1-H2IG OPER FAILS TO INITIATE HYDROGEN IGNITION SYSTEM 5.00E-3 5

6. LEVEL 1, FLOODING & PLANT DAMAGE STATE TYPE CR IIIs

ERROR

III EiTEfC HI DESCRIPTION HEP FACTOR

CVHICRPS7:3G41T OPER IS UNABLE TO LOCALLY OPEI 1G41-F0145 5.00E-2 5

IA3ICRSP52-7:2 OPER FAILS TO OVERRIDE ISOLATION SIGNAL 1.00E-1 1.5
,.

w
7. PLAfC DAMAGE STATE TYPE CR HIs*

ERROR
HEP FACTOR

HI ID HI DESCRIPTTON __

ADilICREC2-ADS-R FAILS TO RECOVER Fii RTV DEPRESS CD GIVEN EARLY FAILURE 1.00E-1 1.5

SLldCREO-6-SLCR OPER FAILS TO INITIATE SLC - GIVEN CD FAILURE 1.00E-1 1.5

:

!

,
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8. TYPE MA HIs
&

ERROR
HEP FACTOR

HI ID HI DESCRIPTION

DGHIMASR4,3-4:1:A FAILORE TO RESTORE FOLLOVING-MAINTENANCE 0.0CE+0

TCHIMASR43-4:1:B FAILUIG TO PISiORE FGLLOVING MAINTENANCE 0.00E+0 |

OHHIMASE22B-4:1 FAILURE TO RESTORE FOLLOVING MAINTENANCE O.00E+0.

ECHIMASP42 4:1A ECC TRAIN A NOT RESTORED FOLLOVING MAINTENANCE 0.00E+0
t

ECHIMASP42-4:1B ECC TRAIN 3 NOT RESTOPID FOLLO71NG MAIfGENANCE 0.00E+0

! ESHIMASP45-4:1A ESV TRAIN A 10T RESTORED FOLLOVING MAINTENANCE O.00E+0 ;

t

ESHIMASP45-4:1B ESV TRAIN B NOT RESTORED FOLLOUING MAI!TTENANCE 0.00E+0

ESHIMASP4S-4:1C ESV TRAIN C NOT RESTORED FOLLOUING MAINTENANCE 0.00E+0 {
'

HPHIMASE22-4:1 FAILURE TO RESTORE HPCS AFTER MAINTENANCE 0.00E+0 ,

! IAHIMASP51-4:1:2 FAILURE TO RESTORE FOLLOVING MAlfiTENANCE 1.00E-3 5

LCHIMASE12-4:1A FAILURE TO RESTORE TRAIN A LPCI FOLLOVING MAI!E 0.00E+0
'

;

$ LCHIMASE12-4:1B FAILURE TO RESTORE TRAIN B LPCI FOLLOVING PAINT 0.00E+0

| LCHIMASE12-4: 1C FAILURE TO RESTORE TRAIN C LPCI FOLLOVING MAINT 0.00E+0 [

J LPHIMASE21-4:1 FAILURE TO RESTOP2 LPCS AFTER MAlffrENANCE 0.00E+0 i
i

RCHIMASE51-4:1 FAILURE TO RESTORE RCIC FOLLOVING PAINTENANCE 0.00E+04

' *

SAHIMASP51-4: 1:2 FAILURE TO RESTORE FOLLOVING MAINTENANCE I.00C-3 5

SIHIMASP57-4:0:A FAILURE TO RESTOPS FOLLOVING MAINTENANCE 3.00E+0

SIHIMASP57-4:0:B I'AILURE TO RESTORE FOLLOUING MAINTE!*ANCE 0.00E+0 ;

SLHIMA FAILURE TO RESTORE SLC FOLLOVING MATNTENANCE/ TEST 0.00E+0

!

!

!

I,

!
I

f
,
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O
1.0 Purpose and Scope

An Individual Plant Examination is being performed for the Perry Nuclear

Power Plant Unit I that meets the requirements of NRC Generic Letter

- 08-20. Gilbert / Commonwealth is under subcontract to NUS Corporation to
,

|define the capacity of the containment structure subjected to pressure
|

resulting from a postulated accident. In this report, the probability of
i

failure as a function of internal pressure as developed. Also included is '

,

!the variability in the probability of failure which may be expected along

vith a description of potential leak paths and estimates of leak areas.

The report also considers the effects of elevated accident ~ temperatures on

- containment failure capacities.

;

2.0 Description of the containment ;

- - The containment-vessel for this plant is a free standing steel vessel

which is located inside of a concrete shield building. The annulus

concrete located between the containment-and the shield building

strengthens and stiffens the containment vessel. The dryvell is located

inside the containment vessel. All of these structures are supported on '

,

the foundation mat. A description of the structures that comprise the

containment system is presented belov.

2.1 -Containment Vessel

' ' The containment vessel is a pressure retaining structure composed of a

Page H.1 - 1
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free standing steel cylinder with ar ellipsoidal dome, secured to a steel

lined reinforced concrete foundation mat. The mat is the common

foundation for the major structures of the reactor building complex. The

free standing portion of the containment vessel is supported by and

anchored into the foundation mat, and is designed, fabricated and erected

in accordance with the requirements of ASME Code Section III for Class HC

components.

The containment vessel is designed to contain radioactive material which'

might be released from the nuclear steam supply system following a

loss-of-coolant accident. The steel containment vessel ensures a high

degree of leak tightness during normal operating and design accident

conditions. It is designed for a maximum internal pressure of 15 psig

with a coincident temperature of 185'F at accident conditions, and a

maximum external pressure differential of 0.8 psi due to accidental

operation of the spray headers.

The basic dimensions of the containment vessel are

a. Cylinder inside diameter - 120 feet
j

|
b. Cylinder height - 152 feet - 2 inches.

c. Ellipsoidal dome ratio - 2:1.
1

The containment vessel cylinder has six external stiffening rings at

variona elevations. Details of the containment vessel cylinder, dome and

stiffeners are shown in Figure 1. Two personnel access airlocks and one

equipnant hatch are provided. Details are shown on Figures 2 and 3.

Page H.1 - 2
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_

'~'T(U Details of typical penetrations are shown in Figures 4 and 5. The fuel

transfer tube (penetration P205) is shown on Figure 4A. This penetration

is oriented parallel to the 100' azimuth, 15 feet 2 inches cast of the

reactor building centerline. The penetration is skeved 32' 30' from

vertical at Elevation 636' 6 3/4". *he lover 18 feet 6 inches of the

containment vessel forms the outside boundary of the suppression pools the

inside boundary of the suppression pool is formed by the dryvell veir
_

vall. Corrosion of the lover 23 feet 6 inches of the containment vessel

and exposed steel mat liner is minimized by the use of ASME SA 516, Grade

70, plate clad with stainless steel. At Elevation 721'-0" a 125 ton

capacity polar crane is supported from the contafnment vessel.

Final design plate thickness of the containment vessel cylinder and dome

() is 1 1/2 inches. Local areas of the vessel, near large penetrations, have

thicknesses greater than 1 1/2 inches.

2.2 Shield Building _

>

The shield building is a reinforced concrete structure consisting of a

flat foundation mat, a cylindrical vall and a shallow dome. The general

configuration of the shield building and its relation to the other

structures of the reactor building complex is shown in Figure 1. The

foundation mat, common to the shield building, annulus concrete,

containment vessel, and interior structure is circular in plan with a

diameter of 136 fee- and a thickness of 11 feet 6 inches. The foundation

mat is founded on Chagrin shale at Elevation 562'-3", approximately 56~

( feet below grade,

i
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The shield 5.ilding cylindrical vall extends from the top of the

foundation mat at Elevation 574'-10" to Elevation 749'-9" and has an

outside diameter of 136 feet with a vall thickness of 3 feet 0 inches.

The shallov dome has a radius of 120 feet 0 inches, with a thickness of 2

feet 6 inches. There is no thickened ring girder, but the elevation of the'

vall at the junction of the vall and dome was raised to provide a greater
_

section to help resist the outvard thrust of the dome. Details of the

shield building and mat foundation are shown in Figures 1 and 6.
; $

The concrete has a minimum 28 day cylinder compressive strength of 3,000

psi. The steel reinforcement is in accordance with the requirements of

ASTH A615, Grade 60. A general reinforcing pattern of orthogonal bars

arranged vertically and circumferentially in both faces of the vall was

used in the shield building vall.

The reinforcing pattern for the don.e is essentially radial and -

circumferential with the center section arranged orthogonally for ease of

placing,
k

-2.3 Annulus Concrete

The annulus concrete extends from the v3r af the foundation mat at

Elevation 574'-10" to Elevation 598'-4" and has a radial thickness of 4

feet 10-1/2 inches. This annulus concrete provides stiffness to the steel

containment vessel to redure the dynaaic response of the steel containment

vessel due to the postulated safety 4elief valve discharge loading
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phenomena. Three inches of compressible material are also provided

between the containment vessel and the annulus concrete belov Stiffener #1

c.nd above Stiffener #4 to rc: luce thermal compressive stresses. The

concrete has a minimum 28 day cylinder compressive strength of 3,000 psi.
i

|

The steel reinforcement is-in accordance with the requirements of ASTH |

|A615, Grade 60.

A general reinforcing pattern of orthogonal bars arranged vertically and

circumferential1y in both faces of the vall was used in the annulus

concrete. The general reinforcement pattern is shown in Figure 7.-

.

2.4 Dryvell

The dryvell vall is generally a right, vertical cylinder. It is 83 feet 0

inches outside diameter, 85 feet 9 inches high and 5 feet 0 inches thick.

The dryvell vall is subdivided into two regions which have different

construction and design methods. The dryvell is shown in Figure 1.

The lover 26 feet 2 inches of the dryvell is the vent region. The main

suppression pool area in the containment vessel is connected to the

dryvell by 120 vents. The vent sleeves are 28 inch outside diameter, 1/4

inch thick, stainless steel tubes located in 3 rows 40 vents. Vents

are constructed from ASTM A 240, Grade 304, stainless steel. The vent

structure is a steel concrete composite construction t.iich consists of two

concentric cylinders fabricated from 1 inch thick ASTM A 516, Grade 70,

steel with a ten percent Type 304 stainless steel cladding. The annulus

between the cylinders is stiffened vertically by radial steel plates and
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is filled with 5,000 psi concrete. The steel plates are designed to carry

all membrane tensile forces in this region. At Elevation 574-10", the

vent region is anchored to the containment base mat by means of vertical

tension ties in the form of anchor bars made of ASTH A 537 CL.2 steel for

the transfer of any uplift forces to the base mat. The anchor plate and

stiffeners at the bottom of the anchor bars are sized for the capacity of

the anchor bars. There are a total of 144 anchor bars on eact ! ace of the

dryvell. Details of the vent region are shown in Figure 8.

Tht upper dryvell vall is a reinforced concrete cylinder connected to the

lover vent region by cadvelding all vertical and diagonal reinforcement to

the ring girder at Elevation 600'-10". The inside face of the dryvell is

formed v.ith a 1/4 inch thick steel plate of ASTM A 285, Grade A, material <

vhich is stiffened vertically by 2 inch x 3 inch x 1/4 inch angles spaced

at approximately 1 foot 3 inches and norizontally by stiffener rings of 3

inch x 4 inch x 1/4 inch angles spaced at about 5 feet 0 inches center to

center. The stiffener angles are ASTM A36 material. This steel liner is

very conservatively not considered in the design as contributing to

structural strength or leak tightness of the dryvell.

The dryvell top slab is a flat horizontal, circular, reinforced concrete

slab. It contains a central circular opening of 31 feet 11 1/2 inch

diameter which is closed by the dryvell head. The configuration and seal

details of the 14 feet 9 1/4 inch deep steel ellipsoidal dryvell head are

shown in Figure 10. The top slab is stiffened by two longitudinal

I

reinforced concrete valls which are part of the upper pool vater system. !

ODetails of the upper dryvell vall and dryvell slab are shown in Figure 9. i

!
4

Page H.1 - 6

.. . ,--- - -



-

(-
t i
%J

The personnel access air lock has an outside diameter of 9 fact 8 inches

and is located at the 599'-9" elevation floor to provide access to the
dryvell. For large pieces of equipment, an 11 foot 0 inch square clear

opening, bolted, double gasket scaled, equip, ment access hatch is provided

at Elevation 599'-9". The personnel air lock and the equipment hatch are

integrally connected by full penetration velds to steel franes designed to

act as end anchorage for all of the dryvell vall reinforcement in the
vicinity of the lock and hatch. Details of the personnel air lock and the

!dryvell equipment hatch are shovn in Figures 11 and 12.

Penetrations through the dryvell vall for piping and electrical systems

are of the single barrier leak tight type. The main steam lines are

|h anchored at the dryvell and are provided with guard pipes through to the

isolation valves outside containment.

3.0 Dryvell Failure Modes

Strerses produced by pressure are the primary cause of postulated failure

in the following components:

1. Dryvell vall

2. Dryvell roof

3. Dryvell head

4. Dryvell equipment hatches

5. Dryvell personnel airlock
Ov
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<

3.1 Failure Definitio-

W For the purposes of this report, failure pressures are defined as the
yh "

V pressures associated with mean yield stress in the structurr.1 components.s

,

Although higher pressurer ray be possible based on the ultimate etrength

*he materirls, the lo..d- Jeflect *.on relationships complex structures
-

: difficult to predict for atresses above yield; therefore the press"re ". 4

@; '

els at yield represent a practical limit for quantitat!n description
,

.-

? failure,

l

3.' Failure Pressures from Previous Studies,g ,

s, -
.

i

[ .4(Y,
"< ''

Previous studies of BVR Mark III containments with similar dryvell

stru2tures are reported by References 1, 4, 8 and 12. y

ec Referenc 2 f. allure of the cryvell vt.ll, equipment hatch and personnel y

airlocks f r the Kuosheng Nuclear Plant are considered to be important
7

failure modes from pressure induced stresses. From Table 1 and 2,

Appendix F2 of Reference 1, failures from internal pressure are above 105

psi for al] structural elements except the parsonnel airlock and upper

equipment hatch. These " fail" at 53 psi and 60 psi respectively with an

associated " minor" h tkage. For external pressure the capacitit s are much

the saine as for inte nal except for the dry. ell head which could buccle at

70 psi with minor leakage and at 80 psi vith major leakage.

In Rel'erence 4, Volume 2, Appendix C, Table C.8.1, the failure pressure

range for the Grand Gulf Nuclear Station is identified as 50-120 psi
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I

differential pressure for probabilities between 5 and 95 percentile.

In Reference 12.p. 9-15 the capacities of the Grand Gulf dryvell structure

and personnel hatch-are_ identified as 67 psi and 72.9 psi respectively, j

These'are termed " ultimate capacities" but in the context of Reference 12

they are based on yield, which ve can conserva.' ely assume to be mean

yield.

In Re.erence-8 p.-16-17 the " ultimate capacity" of Grand Gulf dryvell is

identified at +67 and - 89 psi differential pressure. Again, it is

conservatively assumed that these pressures are based on mean yield '

material-' strengths.

3.3 Comparison of FNPP and-Dryvells from Previous Studies
,

"

A direct comparison of physical dimensions and structural details of the

Perry and.Kuosheng centainments is unavailable. Both are 3VR Mark III

containments with_similar loadings and both designs vould be based on the

[ same or very similar codes and acceptance criteria. From this it can be-

surmised that the capability of the-overall designs are similar.

PNPP USAR (Reference 7) and Grand Gulf (Reference 10) show similar dryvell
li -

structures. While exact dimensions and details fo'r both structures are '

not available'for a thorough comparison, it can be assumed that the
'

overall size, design pressures, design codes and acceptance criteria for

both dryvells are the same; ther ' ore, the overall design of the concrete

vall and roof should be very similar.
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O
3.4 FNPP Unique Data

The following PNPP unique data has been obtained:

1. Dryvell Head:

From Reference 26 the following estimates are made: (
Stress level at design pressere of 30 psi - 15.12 ksi

(radial in flange). F1 age material is stainless steel

SA 240 Type 304.+

Therefore,

O
Pressure at minimum yield stre s of 30 ksi .e

30
30 psi x _ = 59.5 psi

-

I
Assuming that the ratio of mean yield to minimum yield

is the rame as for SA 516 Grade 70 (see Section 4.0),'

the mean yield pressure, based on the flange capability

is,

t

-

- 49.7
59.5 x - 77.8 psi n.ean yield internal pressure

38.0

For external pressure the head has a design allovable
>

(
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i ]_ of 33 psi from Reference 26. It is difficult to
L

accurataly determine buckling failure pressure because

buckling theory has difficulty accounting for all the

variables like tolerances in curvature and thickness.

The smallest estimate of critical buckling pressure

from Reference 26 is 210 psi. Note also that the PNPP

dryvell head is 1 1/2" thick, compared to 13/8" for

the Kuosheng head, for which Reference 1 reports s
-

failure pressure of 70 psi. Assuming that 1;uckling is

proportional to t', the estimated failure buckling

pressure for the PNPP head by comparison to the

Kuosheng head is,

O ' l.5 '2

C) x 70 psi - 83.3 psi external buckling failure pressure
,1.373 ,

,

2. Equipment flatch>

_

The equipment hatch is a stiffened flat plate structure

and would have similar stress levels for internal or

external pressure except that bolts and bolting flange

are not challenged by external pressure. The material

is SA 516 Grade 70. Reference 27 p. 98 shows a

membrane stress in the coverplate of only 8.9 ksi at

N- 30 psi pressure (thermal stresses not included). On

p. 101 of Reference 27, maximum stress in the stiffener

is identified as 18,000 psi under 30 psi pressure and
\g'-) thermal load. PutCaer investigation of Reference 27
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computer output could be perforTned to separate out the |

bending stresses from the total stress in the

stiffener. Also there would be additional capacity in

the stiffened door based on plastic strength of

stiffeners and redistribution of moments.

Conservatively using the 18,000 psi as a mearure of

bending stress level at 30.69 psi pressure (includes

0.69 psi " live load"), the projected failure pressure

for a mean yield of 49.7 ksi equals,

49.7 mean yield pressure based
30.69 psi x = 84.7 psi on stiffened plate strength

18

From Reference 27 p. 104, comparison of bolt stress to

allowable bolt stress and of flange stress to allowable

flange stress under 30.69 psi pressure is,

bolt allowable 27.5
- 1.56-

bolt stress 17.63

and,

flange allowable 28.59
- 1.52-

~Tlange stress 18.845

Conservatively, assuming that the bolt or flange yield

stresses are at least 2 times their respective

allowable stresses would give a failure capacity at

yield of,
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C! 30.69 x 1.52 x 2.0 - 93 psi mean yield pressure based
b 7 on bolt strength ,

In summary 84.7 psi can conservatively be used as an

estimate of mean failure capacity of the drywell hatch.

3. Personnel Access Airlock

he drywell airlock is nearly identical to the

containment airlocks, except for a slightly smaller

door size. The evaluation and mean yield pressure from

the containment evaluation (Section 4.0) apply to the

drywell airlock, i.e.- mean yield pressure of

-107.2 ps1.

4. Drywell Wall

The circumferential reinforcement in the drywell wall

is #18 bars 0 12", each face. Usina the nominal bar

area of 4.0 in*, reinforcement per inch = 0.667 in'.-

Using a mean yield stress for AS m A615 Grade 60

reinforcing steel of-71,900 psi (Reference 12,

p. 9-13), a e of 0.9, and an inside drywell radius of

36.5 ft x 12 = 438 in, the mean failure pressure based

on hoop capacity,is,

0.667 x 71,900- mean yield pressure
x 0.9 - 98.5 psi based on hoop capacity

_,

438"-

The vertical reinforcement in the drywell wall is #18

bars at approximately 10" spacing on each face, or
o
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1

0.44 in'/in. Mean failure pressure based on I

l lc,ngitudina.1 membrane capacity is therefore,
.

|

|
| 0.44 x 71,900 mean yield pressure
i 2x x 0.9 = 130 psi based on longitudinal

4T6" (vertical) capacity

The hoop capacity is controlling, giving a drywell

concrete structure capacity of 98.5 psi. Since

reinforcement at discontinuities and penetrations is

typically designed to at least continue the basic
i

! strength of the shell, 98.5 psi is a reasonable

estimate of mean yield failure pressure for the

conctete portion of the drywell above the suppression

pool.

'Ihe lower portion of the drywell is actually a double

wall steel shell (ASTM A516 Grade 70) with connecting

stiffeners and concrete fill. Hoop steel area can be

found by subtracting the vent holes (ID = 27.5 in.)

from the plate area, ,

(54 - 27.5) 102 where 54" is the
x 2" - 0.98 vertical spacing

54 in between vent holes and
2" is the combined
thickness of inner and
outer shells.

Using .9 x 0.9B in*/in to account for 10% stainless

steel cladding on the exposed plate surface, the steel

area becomes 0.88 in*. Using 49.7 ksi (see "Drywell

Heac" this section) as the mean yield strength, the

estimate of mean failure pressure capacity of the lower
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O steel plate portion of the drywell is,
,.

0.88 in' x 49700 psi mean yield pressure
= 99.9 psi based on steel hoop

438 capacity

;

-3.5 Selection of PNPP Mean Failure Pressures

The above summaries of previous drywell evaluations (Kuosheng and Grand

Gulf) and the examination of some specific PNPP calculations and details,

shew that the drywell structure has higher pressure retaining capability

than the steel containment, This is not surprising considering that the

30 psi internal design pressure for the drywell is twice that of the steel

containment. A lower bound inean failure pessure (internal or external)

for the drywell can be chosen based on the inform tion presented above,

More specifically, Table 1 gives an estimate of the pressure capacities of

the various structural components of the drywell. For the cylindrical

shell and roof the mean failure pressure of 67 psi from the Kuosheng

analysis is used rather than the 98.5 psi calculated from FNPP specific

data. This conservative pressure is used because the PNPP specific data

did not include a detailed examination of all drywell shell

discontinuities.

The mean failure pressures are considered to be. proportional to the mean-

yield of-the materials. Statistical descriptions of ev.icrete strength and

SA 516 Grade 70 plate streng.h are est:blished in Section 4.0, Containment

Failure Modes. ASTM A516 Grade 70 is considered to be identical to SA516

O' Grade 70. SA 240 Type 304 flange material on the drywell head _is assumed
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|

1

to have the same ratio between mean yield and minimum yield as SA 516

Grade 70, i.e. 1.31. Reference 12 p. 9-13 gives the following statistical

data on ASTM A615 G ade 60 reinforcing steel:

60 ksiSpecified minimum yield -

57.3 ksiActual lower bound yield -

71.9 ksiActual mean yield -

75.1 ksi !Actual upper bound yield <=

For reinforced concrete, the strength of a particular element is generally

more dependent upon reinforcing steel than on concrete strength. There

are two reasons for this: (1) the steel is considered to carry all the

tension loads (2) nearly all elements in bending are under-reinforced for

both economical and design reasons. Concrete ste.ength can be controlling

in nome cases such as in development of reinforcing steel or anchor bolts,

and in members with high shear loads. For the statistical variation in

strength of the upper Drywell wall and roof it sho. tid be sufficient to

consider the properties of the reinforcing steel.

4.0 Containment Failure Modes

'Ihe following potential failure modes have been considered for the

containment vessel: memorane failure, failure of the mat foundation,

failure of the air locks and equipment hatch, thermal buckling of the

supptassion pool liner, failure at pipe penetrations, failure of the

containment anchorage into the mat foundation, fracture due to existing

weld defects, thermal buckling of the lower containment vessel, and i
!
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thermal. forces on stiffener #4 as a result of embedment into the annulus

concrete. Each potential failure made is discussed below. *

Some _ components may be subjected to hydrostatic pressure in addition to

gas pressure loadings. The hydrostatic pressure results from flooding of

the containment vessel. Hydrostatic loading in addition to gas pressure

loading will be evaluated on a sequence specific basis during the IPE.

Table 2 provides a summary of the mean value of yield and ultimate

strength and their standard deviations for the dome and cylinder regions

of the containment vessel. The mean value for the mac concrete ultimate

compressive strength along with the rtandard deviation is also presented

in Table 2 (References 17 and 18). For steel compone.ts, failure pressure

is-established by calculating the pressure producing the ASME Level D

limit stress in.the compo.ent. This pressure is set equal to a 5%

probablility_of failure. Pressutes at any probability of fcilure level can

.then be determined by using the statistical equations explained in Item

7.0 of this--report. The basic ASME Level D limit (Reference 9) for

membrane stress intensities is 0.595 times the ultimate tensile stress of

the material (0.595*Fu). This level of stress obviously has considerable

-factor of safety as compared to the the ultimate stress capability of the

material; therefore it is rearonable to_ assign a 5% probability cf failure

to pressures producing ASME Level D limit stresses.

,

In the case of the concrate anchor the failure mechanism used to calculate
:

capacity is based on the ultimate tensile strength of concrete which in

turn is a function of the ultimate compressive tests of concrete
<
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specimens. In contrast to reinforced concrete behavior as a general case

(see item 3.5) the strength of the concrete anchors are only indirectly

affected by any reinforcing steel in the concrete, so that the best

measure of strength is the ultimate strength of the concrete itself.

A summary of the pressures at 51, 501, and 95% probsbility of failure fur

the various potential failure modes is provided in Table 4.

4.1 Membrane Failure

'Ihe contair. ment pressure /strees relationship is based upon e KSHEL

axisymmetric computer analysis (Reference 18). The containment internal

pressure required to cause a membrane stress equal to the ASME Level D

limit stress is 65.10 ps; for the dome knuckle, 86.77 psi for the dona

apex, and 86.68 psi for the cylinder. The failure modes for the dome apex

or knuckle would result in rupture of the steel plate and consequential

loss of pressure through the rupture opening. The failure mode of the

cylinder would result in ruoture, progressing rapidly in size with rapid

depressurization of tne containment. Section 7.0 of this report compares

expected opening sizes for the i h ntified locations / modes of failure. See

also Appendix B for r: e calculatior' details of the above pressures. The

ab]ve pressures are set equal to a 5% probability of failure.

4.2 Mat Foundation Failure

The Kuosheng PRA considers both the shear failure and the flexural failure

of the mat foundation. These failure modes are generally applicable to
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the Perry containment vessel because the concrete mat foundation and base

liner provide the bottom closure to the hybrid containment vessel. The

conclusion documented in the Fuosheag PBA are considered to be applicable

to the Perry containment on the basis of the following comparison.

The design compressive strength for the Kuosheng containment concrete is

500t, psi at 28 days while the median compressive strengu. at 90 days is

5760 psi with a logarithmic standard deslation of 0.10. 'Ibe design

compressive strength for the Perry mat fouMation was originally 3000 psi

at 28 days and subsequently qualified as a 4000 psi 28-day mix and as a

5000 psi-90 day mix. However, further evaluation of the data available

-for the mat foundation concr3te shows that by using t'.e mix qualificationr

defined by ACI 318 und ACI 214, an allowable concrete compre.ssive strength

of 9840 psi at 28 days mt.y be calculated. The mean value for the mat

foundation compressive strength is 6442 psi with a standard deviation of

448 psi.

The reinforcement for the Kuosheng containment vessel conforms to ASTM

A615 Grade 60 for which the minimum specified yield stress is 60 ksi. The

reinforcement for the Perry mat foundation also conforms to ASTM A615

Grade 60. The thickness and radius of the Kuosheng mat foundation is

approximately'10 feet 0 inches and 70 feet 0 inches respectively based

upon Figure 3-3 of Reference 1. Th2 thickness and radius of the Perry mat'

foundation is 12 feet 6 indhes and 68 feet 0 inches respectively.

_

'Ihc huosheng PRA-concluded that shear and flexural failure of the mat was

- not determined to be an important failure mode. Based upon the
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similarities between the Kuosheng mat foundations and the Perry mat

foundation, it is concluded that a shear or flexural failure of the Perry

nat foundation is not a significant failure mode and additional strength

evaluations are not requised.

4.3 Equipment Hatch

%e various components that comprise the equipment hatch are evaluated in

Reference 14 for 45 psi internal pressure and dead load. To obtain the

pressure at the ASME Level D limit stress, the 45 psi pressure used in'

Reference 14 was multiplied by the ratio of (stress at Level D limit

stress at 45 psi pressure) to obtain 60.80 psi. See Appendix B for more

detailed explanation of this calculation. The 60.80 psi prt..sure is set

equal to a 5% probability of Sa11ure. The equipment hatch can experience

hydrostatic pressure under post LOCA flooding.

4.4 Personnel Airlock

The various components that comprise the personnel airlock are evaluated

in Reference 19. The acceptance criteria is ASME Code Service Lesel D

limit stresses. The maximum pressure that the persorael airlock can

resist was calculated to be 94.0 psi at the Service Level D limit stress

allowable of 41.65 ksi. See Appendix B for additional explanaticn of the

basis of the 94 psi pressure.

O
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4.5 L'.ner Buckling

The PNPP suppression pool liner is SA 516, Grade 70 plate with a 10%

thickness of stainless steel cladding conforming to SA 240, Type 304. The

cladding meets the requireraents of SA 264. The tee sections used for the

base liner anchorage are SA 36. The minimum specified yield strength for

the plate is 38 ksi fe' the SA 516 Grade 70 and 30 ksi fc,r the SA 240,

Type 304.

The Kuosheng liner conforms to SA 285 Grade A or C. The specified yield

sr.rengths for these materials are 24 ksi for 3rade A and 30 ksi for Grade

C. The probability of a frilure resulting from the liner buckling was

found to be negligible compared to that for other Kuosheng failure modes.

O
The following discussion from the Kuosheng PRA is considered to be

applicable to the PhPP analysis and along with the fact that the PNPP

liner has a greater yield strength than the liner for Kuosheng forms the

basis for concluding that a failure resulting from liner buckling is also-

negligible for PNPP.

"The liner system consists of steel plate welded to riates or structural

steel shapeo embedded in the containment vessel concrete. Buckling of the

liner could occur as a result of severe thermal gradients being developed :

between the liner and the concrete during an accident. The membrane

compressive stresses in the liner result from the fact that the liner has

a somewhat higher coefficient of thermal expansion than the concrete, and

also heats up much more rapidly during the early transient portion of the
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accident. At the same time, the pressure increases in the containment,

which tends to induce tension in the liner. Although the stress in the

liner could be determined for given temperature and pressure

time-bistories, this was not considered necessary because even if the

liner does buckle, the buckled configuration of the liner is deformation

controlled by the thennal gradients and does not increase without bound as

in load controlled buckling. Alsn the line- is in compression, which

tends to limit any crack formation, and the internal pressure somewhat

reduces the deformation expected. If the containment pressure rises

quickly ccepated to the liner temperature, the liner may always be in

tension, although possibly at proportionately lower stresses than at the

ultimate load condition near failure. Even if the liner does buckle, this

I

! is not expected to lead to loss of liner integrity."

! O
4.6 Pipe Penetrations

|

Tae pressure capacities for the pipe penetrations are summarized in

Reference 18 for ASME Code Service Level C limits. The three most

critical penetrations have been selected on the basis of the least
l pressere capacity. These are P123 - RCIC Pump Discharge and RHR Spray,

P41.4 - Feedwater, and P205 - Fuel Transfer Tube.

|
Penetration P123 was previously investigated for a 45 psi pressure at

which the calculated maximum stress was 40.2 ksi (Reference 18). To

obtain the pressure at the ASME Level D limit stress, the 45 psi was

multiplied by the ratic of (stress at Level D limit / stress at 45 psi

pressure) to obtain 60 psi. Lee Appendix B for the calculation. This
,

i

|
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,

( 60.0 psi pressure is set equal to a 5% probability of failure.

1

Penetration P414 was previously investigated for ultimate pressure

. capability corresponding to ASME Level D limit in Reference 18. The

pressure was determined to be E4.7 psi using the ultimate material

strength based on material certifications, and considering the increased

stresses from the effects of a nearby penetration. See Appendix B for

additional explanation. This 54.7 psi is set equal to a 5% probability of

failure.

Penetration P205 was previously investigated in Reference 18 for ultimate

-pressure capability corresponding to the ASME Level D limit stress. This

. .

pressure was determined to be 58.9 psi using an elastic / plastic analysis.
p --
i See Appendix B for additional explanation. This 58.9 psi pressure is set

equal to the 5% probability of failure.

The leakage area associated with failure of each penetration is estimated

|
to be 5.0 square inches and will increase with pressure. The maximum

L leakage area is estimated to be 30.0 s.ioare inches for each penetration.

It should be noted that a failure of P205 could not result in the upper

| pool draining into the annulus between the shield building and containment

L vessel unless-there is also a failure of the transfer tube or manual gate
'

valve located below the pipe sleeve embedded in the drywell concrete at
i

Elevation 647'-5 3/8". P205 is located at Elevation 636'-6 3/4" which is;

i below Elevation 641'-0", the maximum water elevation during post LOCA

i.
.

-flooding of the containment vessel.

p
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4.7 Containment vessel Anchorage into the Mat roundation The containment

vessel anchorage evaluation consists of an evaluation for the steel

component of the anch rage (Lontainment vessel) and of an evtluation for

the concreto capacity of the anchorage.

'Ibe steel portion of the anchorage consists of 288 anchors. Each anchor is

a 9.25" wide verticM extension of the containment vessel shell with

bearing elements at the bott.:.i of each anchor. Appendix B shows that che

vertical extensions ate critical and that the pressure correspond'.r.g to

ASME Level D limit stress is 104.98 psi. See Appendix B for additional

explanation. The 104.98 psi pressu a is set equal to 5% probability of

failure.

The concrete capacity for the containment vessel anchorage is based upon

the methods defined in Reference 16 using the mean concrete ultimate

compressive strength of 6442 psi. The resulting mean failure pressure

capacity is 94.10 psi. A failure of the containment anchorage into the mat

foundation could result in a gross failure of the containment vessel

because the failure mechanism is the tension overstress cf a concrete

wedge. This failure would be sudden with no yielding and could be

progressive around the containment as adjacent areas attempt to carry

t.dditional load not carried by the failed segment. She model used to

calculate the 94.10 psi failure pressure and to predict the failure

le av'or is shown in Appendix A. As discussed there, this model is

simplistic and conservative. A more accurate model might well show that

the men failure pressure is somewhat higher and that the failure !

mechanism involves the Shield Building structure. This more complex

1

|

|
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t'

behavior might not be sudden and gross. The pressure at any probabiltiy

of-failure can be derived from the mean ..ailure pressure of 94.10 psi

using the statistical methods described la Section 7.0.

4.8- Tracture

A review of radiographics for the Perry Nuclear Power Plant found certain

welds that contained potentially rejectable indications when evaluated

according to the requirements of the ASME Boiler and Pressure Vessel Code

Section III, subsection NE-5320. References 21, 22, and 23 provide

evaluatior.s that document that failure will not occur during the plant
,

design lifetime and a means to evaluate seveie accident type loadings

which wera not a part of the plant design basis.

O
The containment me.ridional stresses are applicable to the weld defect

problem (Reference 21). Base : *;pon the limiting stress of 27000 ksi from-

Reference 23, the pressure capacity is 112.4 psi. The pressure capacity'

neglects dead load and.is based upon the containment nominal _1 1/2 inch

thickness. As a result,.it is concluded that weld fracture does not

significantly influence the results and conclusions of the report.

"t

4.9- Thermal Buckling of the Lower containment _ Vessel

L The lower containment-vessel is' bounded on the outside surface by the

aratulus concrete. The_ shield building is located adjacent-to the annulus

- - - concrete. The top of the annulus concrete is at Elevation 594'-4".- As a
-

: - result of this geometry and the fact that the steel containment vessel
-
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heats more quickly than the concrete, thermal circumferential compressive

stresses in the containment vessel are caused by the constrairt provided

by the annulus concrete and shield building.

The existhg desien is based upon uncracked concrete (Reference 25). The

safety factor for buckling is 2.03 for & accident condition which

includes 15.0 psig internal pressure, 185'r design accident temperature,

suppression pool hydrostatic pressure, and dynamic loads. The thermal

loeding is the most dominant loading for this design condition at this

area of the vessel. Based upon this information and a ti.hJe1 stress f ree

temperature of 70*r, the estimated temperature at which buckling will

occur is approximately 300*r.

Distinction is made between load-controlled buckling and strain-controlled

buckling.- Load-controlled buckling is characterized by continued

applicatica of an opplied load in the post-backling regime, leading to

failure. Strain-controlled buckling is characterized by the immediate

reduction of strain-induced load upon initiation of buckling, and I.y the

self-limiting nature of the resulting deformations. Even though it is

self-limiting, strain-controlled buckling must be avoided to guard against

failure by fatigue, excessive strain, and interaction eith load-controlled

instability.

The thermal buckling limit for the lover containment vessel as described

above is strain-controlled buckling and is a conservative ertimate of the

buckling capacity since it is based upon a stress limit instead of a

strain limit. In addition, fatigue and interaction with load-controlled
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instability are not problems because the accident loading is not going to-

occur multiple times and because there are no significant loads that cause

compression other than thermal.

4.10 Thermal Forces on Stif fener #4

Reference 20 defines a-temperature and pressure limit based upon the

stresses in stiffener #4 (embedded in the annulus concrete). The l

magnitude of the temperature and pressure is 280.4*F and 35.1 psi. The

annulus concrete prevents displacement of this-stiffener which results |
l
|primarily from the thermal loads. The acceptance criteria for evaluation

that was performed is based upon the ASME Service Level D limits which are

a function of the minimum specified tensile-strength of the steel.

O
Inelastic behr for could be considered as described in Reference 20 in

order to obtain additional pressure capacity. For this reason it is,

concluded that the thermal stresses in the stiffener would r't be a

limiting _ condition for determining co tainment capacity.

5.0 Fragility Curves

As discussed in Section 4.0, the following failure locations have been

identified for PNFP:

1. Dome Knuckle

- 2. Dome Apex

T ' 3. Cylinder

, ,
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4. Personnel Air Lock

5. Equipment Hatch (Bolts)

6. Penetration P123

7. Penetration P205

8. 7enetration P414

9. Anchorage, Steel

10. Anchorage, Concrete

For each steel component (Items 1-9), a 5% probability of failure pressure

was established to the ASME Level D stress intensity limit. For

anchorage, concreto, the mean failure pressure cas calculated based on the

mean ultimate strength of the containment mat concrete.

'Ihe fragility calculations are based on the assumption that the

containment strength has a iog-normal distribution, since this

distribution, which does not permit negative values and has a positive

skewness, has been shown to be descriptive of variation of material

properties.

!

..

The cumulative log-normal distribution is described by the equation

(Reference 1):;

Pf= Prob (P 3 p) = 0[ln(p/p")/SJ (1)

in which

j Pf prooability that failure occure, at a peessure P < p

p standard deviation of the natural logarithm of the pressure capacity

i

I
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l
p, or logarithmic standard deviation of p

p" median pressure capacity

0( . ) cumulative distribution function foi a standard norml random

variable

se the log standard deviation of capacity, is a combination of the log

standard deviation of material properties es and the log standard

deviation due to modeling uncertainty, em and is calculated from the

standard relationship

sc= (s * + p 2}*'5 (2)
,

O
ss is calculated from the coefficient of variation 6p of material

properties using the relationship

ss - {1n (6 ' + 1)} '' (3)
P

1

for the log-normal distribution (Reference 12)
s
s

The median pressure capacity p'' is calculated f rom the mean

pressure capacity p(mean) and the log standard deviation bc using the
t

relationship

2 ,

p''(median) - p(mean) * e(-1/2 +sc ) (4)

O
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for the log-normal distribution (Reference 12). It should be noted that

tne median of a 1cg-normally distributed variable is always less than the

mean.

On, the log standard deviation for modeling uncertainty was estimated on

the basis of similarity of PNPP failure modes / locations to failures

considered in the Kuosheng PRA (Reference 1).

Table 4 lists, for each failure mode / location, the pressure corresponding

to 5%, 50% amd 95% probability of the failure as well as the log standard

devintion of capacity used in calculating the pressures. The log standard

deviation of strength and the log standard deviation of modeling, which

form the basis for the log standard deviation of capacity, are also

licted.

Tables 5 through 14 document the eticulations for the fragility curves for
-

the ten failure modes / locations. Table 15 shows the calculation of the
'

containment composite fragility curve, based on the relationship,

P = 1 - II, ( 1 - P, , ) (5)

in which

probability of containment failureP =

probability of failure mode / location iP -
g

O
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4fY Equation'(5) is based on the assagtion of statistical independence of the
47

. Individual failure modes. While it is highly-ptobable that the failure-

modes are dependent because of commonalty of material vendor, location and

-fabricator, the assumption of independence is conservative, i.e., it gives-

higher failure probassilities than the assumption-of dependence.

( '
:.

-

4'
. --Fragility curves for each of the ten failure modes / locations and the

y, : containment composf *e fragility curve are provided as rigures 13 through
p-

~

23.. It should be noted that while the fragility curves depict the
,

expected behavior of each component and the containment as a composite
.

over a-wide: range'of containment pressures, the. curves should be,

' considered valid only over a limited range around the median capacity<

(i.e.. the lower. bound of failure pressure-is in the range of the 1st --

;< %

Q- 5th percentile).

c 6.0 = Leakage

, , , , --

31 ,

q.

'6.1.: Leakage concernsL.

e

-Leakage at pressures below mean yield pressures is a concern for

. penetrations ofLthe containment vessel and the drywell where the pressure

JM - boundary integrity is dependent upon special details and materials such as
.
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elastomer seals or convoluted bellows. Components within this general

description are 1) personnel airlocks, 2) equipment hatches, 3) doywell

head. 4) mechanical (piping) penetrations, and 5) electrical penetrations.

In ::ddition to high pressures, high temperatures can be a contributing

factor to leakage. Degradation of mterials under elevated temperatures is

discussed in section 8.

Deflections and stresses due to temperature and pressure induced relative

movements is also a concern, particularly at piping penetrations which

physically connect shield building, containment vessel and the drywell and

must therefore accommodate the relative movements of these structures.

Per Reference 7, the design leakage rate of the containment vessel is 0.2%

of contained volume over 24 hours at a pressure of 11.31 psi. The

allowsble test leakage rate for the containment vessel is 0.75 times this

amount. The design leakage rate of the Drywell is given by:

A/(K) '' = 1.68 ft* .

where A = flow area of leakage path

and K = geometric friction loss coefficient

The allowable test leakage rate for the drywell is one tenth of this or
2

0.168 ft .

6.2 Personnel Airlocks

The personnel airlocks fo! the containment vessel and drywell are shown in
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Figures-2 and 11. Sc-drywell has one personnel airlock and the

containment vessel has two. 'The potential leakage path is-around the-

moveable doors. Each airlock has_two doors which seal by inflatable

seals.' Details of door size, door design, and seals for PNPP airlocks ate

very similar to the Grand Gulf personnel airlock which is~ analyzed for.

leakage in Reference 2, Appencix F to Appendix B. This Reference assumes

that the seals fail to function or are deflated due to temperature

degradation giving a leakage area for each airlock of 47.14 in'. - he same
1 :

Reference also calculates a leak area of 125.70 in' if seals blow out.

This seems like an extremely remote possibility for a number of reasons:

1) there are double seals on each end of the airlock (total - 4). 2) the

seals are tested by introducing 30 psi pressure between seals, and again

'by a 34.5 psi test of theairlock itself. 3) the long sides of the

rectangular doors-have door stops which would prevent seals from blowing

out even if they were blown loose. 4) if there were a pressure spike

capable.of blowing out the twin seals on one end of the airlock, the

pressure build-up would be relatively slow within the airlock (as compared

~to the spike) with time for the initiating pressure to be dissipated by

other means such as clearing of vent holes in the suppression pool.

_

In conclusion the potential leakage area for personnel airlocks.is

-estimated at 47 in' based on non-functioning seals on both ends of the

airlock.

6.3 Equipment Hatches

Containment' vessel and drywell equipment hatches are shown in Figures 3-
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and 12. 'It.a removable hatch doors are attached by bolted flanged joints

with o-ring seals. . The bolts are preloaded to compress the seals and to

limit flange separation under the design pressures. EN'en if the bolts had

no preload and assuming no seals, leakage area due to flange separation

would be very small as illustrated below:

flange separation assuming 6" long bolts and pressure of

87 psi giving a bolt stress of 49 psi,

elongation - 49 ksi x 6" - 0.01 in

29 x 10' ksi

In practice flanges rotate so that the gap i;s smaller than the bolt

deflection. Also, the compressible seals provide offective sealing under

such small flange deflections. Reference 1, Table 9-2 and Reference 2,

Appendix F to Appendix B also indicate very small leak areas for equignent

hatches under mean yield pressures.

In conclusion we can say that the potential leakage area for the equipment

hatches is negligible.

6.4 Drywell Head

The drywell head is shown in Figure 10. All of the above general

discussion on equipment hatches as to the improbability of leakage applies

to the drywell head. We can conclude that the drywell head has

insignificant leakage under mean yield pressures.
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6.5 Electrical Penetrations

Figure 5 shows electrical penetrations through the containment vessel and

the drywell.

The electrical penetrations used in the containment vessel were subjected

to a number of environment qualificatien tests including a simulated

accident test and a simulated 40 year aging test. (References 32, 33)

After each test the penetrations were tested for leakage. The results of

these tests are shown in Table 16. Ihese tests indicate that leakage

through electrical penetrations in the containment vessel is very

unlikely.

O
The drywell penetrations were also tested for simulated aging and accident

conditions. (Reference 34). Very minor leakage occurred after the tests

as shown on Table 16. See item 8.4 for a discussion of the effects of

temperature on electrical penetrations and the potential leak areas.

6.6 Mechanical (Pipe) Penetrations

Figure 4 shows pipe penetrations through the drywell, containment vessel

and shield building, for the purposes of leakage considerations we can

categorize these as follows.

1. No Leakage
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These penetrations pass through the containment vessel

! and shield building only, with the guard pipe anchored
!

to the contairanent vessel and the process pipe anchored

to the guard pipe nearby. These anchor configurations

are steel-to-steel attachments forming a pressure
'

boundary. Moveable components are at the shield

( bulloing and are not part of the containment pressure

boundary. The majority of penetrations are of this
i

type.

2. Leakage at Containment Vessel onl,y:

These penetrations pass through the drywell,

containment vessel and shield building. %e guar: pipe
,

is anchored at the drywell, while the process pipe is

anchored to the guard pipe outside the shield build.ing.

A potential leakage path exists between the guard pipe

and the guide rings at the containment vessel. Under

design conditions the pressure boundary is maintained

at the containment vessel by convoluted bellows, inside
,

i

and outside the containment vessel. Should both

| bellows fracture, leakage would occur at the gap

between the guard pipe and the guide rings. Were are

9 penetrations of this type. The data below show the

penetrations, the size of the guard pipe and the leak

| area if bellows were to completely rupture.

O
!

|
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[)i Penetration Data - Leakage at Containment- Vessel-Only
,

( L: r

O.D. of Gap Around
-Potential. 1
. Penetration _

. Designation (in) (in) (in2)--No.
_

Guard P;pe Guard Pipe Leak Area

P122 - Main Steam 38 1" 121 ,

.

P123 RCIC Pump Discharge 18 0.25" 14 ,

P124- Main Steam 38 J" 121 .- t
_ _

P131 RWCU Pump Suction 18 0.25" 14 ,

P415' Main Steam- 38 1" 121
|

P416' - Main Steam 38 l' 121

P421 RHR Shutdown Suction supply 32 1" 102 .

P422' RHR and RCIC Steam Supply- 22 1" 71

P423- Main Steam Drain 14 0,25" 11

.

I -

L 3. -Leakage at Containment vessel and Drpell:
|.\ 1

These penetrations are through drywell, containment

vessel and shield building. The guard pipe and process

pipe are anchored at the shield building, with sliding-- '

-details at-'the containment vessel and drywell. A-

potential-leak path exists at the containment vessel

and at drywell. Under design conditions, convoluted

bellows _ maintain the pressure boundary at both dryeell

|J (single bellows) and containment _ vessel (bellows inside

and-outside). Leakage would occur _if bellows fracture.
!=

There are 2 penetrations'of this_ type. The data below

shows the penetrations, the size of the guard pipe and,

!
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the leak area if the tellows were to completely"

rupture.

Penetration Data - Leakage at Containment Vessel and Drywell

O.D. of Gap Around
Penetration Guard Pipe Guard Pipe Leak Area

lNo. Designation (in) (in) (in )

P121 Feedwater 32 1" 102

P414 Feedwater 32 1" 102

Two critical Containment Vessel bellows were investigated under the

Hydrogen Ignition Evaluation (Reference 8). These two bellows were shown

to have a minimum factor of safety on critical buckling of 5.3 under 45

psi pressure. It should be noted that buckling would only be possible for

the bellows inside the containment vessel. If this bellows were to fail,

the pressure boundary would still be maintained by the bellows outside the

tainment vessel. The pressure direction on this outside bellows would

not produce buckling. We can conclude that bellows cracking and

consequential leakage at the containment vessel well ir extremely unlikely

at the mean pressure capacities identified in section 4.0.

-The two penetrations through the drywell with potential leakage in the

event of bellows failure were not analyzed for ultimate pressure

capability. In general they should have similar pressure retaining

capacity to the bellows at the containment vessel and therefore failure at

the mean drywell pressure of 67 psi is extremely unlikely.

O
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6.7 Summary of beakage concerns

. Table.21, " Leakage From Other Than Structural reilure" lists potential

leak areas, cause of leakage, effects of temperature and a judgmental
- estimate of probability of leakage. At temperatures below 300'r the

= probability of leakage is very small. At temperatures above 300*r the

probability of leakage for some components becomes difficult to judge

because of either degradation of seal materials or effects of differential |

L -thermal expansion (mechanical penetrations).
I

'''Le effects of pressure are not included in Table 21.- In general we might
.

expect some increase in probability of leakage with higher pressures due

to greater probability of seal blow-out or of bellows fracture in the case

of mechanical penetrations. The pressure effects are not considered to be

very significant in comparison to temperature and therefore are not

included in the judgmental probabilities of Table 21. '

L6.8 Attenuation of Radionuclides by the Shield Building

The shie:S building provides another barrier which may attenuate the *

radient in s released subsequent to the initiation of leakage from the-

containment vessel. The shield building provides a relatively leak tight

structure, for HVAC purposes, so that the annulus exhaust gas treatment '

u-
i

system can be used to minimize the escape of the radionuclides to-the

environment by maintaining the annulus air space at a slight negative .

- pressure. The design value.for the negative pressure is approximately
,

i 0.01 psig.

|
!
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Should a positive pressure develop in the annulus region, the pressure ,

boundary would include the concrete shield building and the Disco silicone

foam used to set.1 the annular space between the pipe sleeve penetrations

embedded in the concrete and :he pipee through the penetrations. If

leakage is initiated through the penetrations, the escaping o%es could

enter the 3 inch gap that is located between the sn M a building and

adjacent structurcs. The waterproofing membrane is located at the bottom

of this gap and is th: upper boundary to the porous concrete and the

j groundwater. An architectural detail consisting of neoprene expansion

joint material forms the top boundary of the gap. The auxiliary builcing

steam tunnel will also be a potential leakage path from the gap , located

between the buildings. The following list of shield building penetrations

prov2 des potential paths that the radionuclides could use to enter the

adjacent structures:

MPL ELEVATION A2IMUTH FROM _'IO ROOM

1PRB2003 603'-6" 62 RB AB LPCS

1PRB4001 647' 58 RB AB LPCS

1PRB4002 647' 62 RB AB LPCS

1PRB4003 647' 66 RB AB LPCS

1PRB4005 647' 298 RB AB HPCS

1PRB4006 647' 302 RB AB HPCS

' '

IPRB2005 603'-6" 254 RB IB
i

1 ERB 4019 631'-6" 223 RB IB

O'|i
1PRB3091 641'-6" 150 RB IB
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- lERB3006 641'-6" 235 RB IB

1EP34005 643'-3" 240 RB IBj

1PF36002 678' 153 RB IB

1PRB:003 678' 150 RB IB

1PRB6005 678' 262 RB IB

7.0 Conditional Prtbability Matrix

_

Failure locations are shown in Table 4. For failure locations 3, 9 and

10, the expected type of failure is gross rupture. For failure locations
,

1 and 2 the expected type of failure is rupsure. For failure locations 4

through 8 the expected type of failure is leakage at lower pressures and

either rupture or gross rupture at higher pressures. " Higher pressures"

can be defined as any pressure above median failure pressure for that

component; since, at these pressures, large areas of the structure are at ,

high stress level tending to cause the rapid propogation of any fracture

or deformation initiating the failure. Summarizing in tabular form:
_

Expected Type of Failure (3)

Gross
Mode / Location Leakace Runture Rupture

,

1. Dome knuckle X

2. Dome apex X

3. Cylinder X

4. Personnel airlock (1) (2)

5. Equipment hatch (1) (2)

6. Penetration P123 (1) (2)

7. Penetration P205 (1) (2)

Page H.1 - 41

__ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - . __



_.

.

8. Penetration P414 (1) (2)
,,

9. Anchorage, steel x

10. Anchorage, concrete x |

l

(1) Expected type of failure e.t median failure pressure or

below.

I

(2) Expected type of failure above median failure pressure.

(3) Leakage is defined as an area of approximately 0.1 ft'.

which results in slow depressurization. Rupture is
#

defined as an area from 0.1 to 7.0 ft . Gross rupture'

t

#is defined as an area of >7.0 ft .

Based on the above data for individual modes / locations, the composite

conditional probability matrix of pressure and expected type of failure

can be made:

Conditional Probability Matrix

Pressure, Psi Leakage Rupture Gross Rupture

60 .85 .07 .08

65 .83 .08 .09

70 .79 .11 .10

75 .40 .50 .10

80 0 .58 .42

The conditional probability matrix was developed by first separating, at

each pressure, the failure locations that would exhibit leakage, rupture

and gross rupture. If the probability of failure is represented by P ,
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P,, and P, respectively,

P, = 1 - (1-P, )(1-P )(1-P, )..............(1)

P = 1 -H(1-P,,) ...........................(2)

P,, = 1 - Il(1-P,,) ..........................(3)

_

P, = 1 - H(1-P,,)..........................(4)

where i, j, and k are the failure locations at wh!ch leakage, rupture ad

gross rupture cause failure respectively at the presure being evaluated.

For instance, c.t 40 psi, locatiens 4, 5, 6, 7, and 8 exhibit failure by

leakage, locations 1 and 2 by rupture, and locations 3, 9, and 10 by gross

rupture.

'Ibe conditional probability of leakage, rupture, and gross rupture are ,

then obtained by the application of Bayes' theorem.
1,

For leakage,

P(f/L)(9, )

P(L/f) = (5)

P(f/L)(P, ) + P(f/R)(P ) + P(f/GR)(P )

since the probability of cont.ainment failure given leakage, rupture or
,
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gross rupture is one by definition, g

P(f/L) = P(f/R) = P(f/GR) = 1.0

fL

P(L/f) = (6)

P, + P,, + P,,,
L

Similarly,

P, ,

P(P/f) = (7)

fL fR fGR

O

fCR

and -P(GR/f) = (8) !

P, + P,, + P,,,

8.0 Effects of High Temperatures

,

The effects of high temperatures on concrete, reinforcing steel, steel

plate and seal materials are discussed below.

8.1 Effects on Concrete
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Reference 28 addresses effects of temperatures to 1112'r (600'C) on

concretes with limestone and dolomite aggregates. Reference 11 addresses

effects of heacing to 1600*r 1871*C) on a concrete with a " carbonate"

-aggregate. There are a number of differences in the testing methods

between Reference 28 and 11. Reference 11 investigates specimens that are

stressed to vexious levels during heating and then loaded to failure, as

well as heated specimens that are stored at room temperature for 7 days

before being loaded _to failure. Reference 28 only investigates unstressed

specimens that have been heated and allowed to cool before testing.

Reference 28 also looks at various exposure times: 48' hours, 1 month,.and

4 months. 'Ihere are significant differences in residual concrete

strengths that result from the testing methods and also from the different-

. aggregates. Based on short term exposure only (48 hours or less) and:

taking the lowest values from both references (unstressed specimen during

heating, . then cooled and tested to failure) sorm estimates of concrete

strength at high_ temperatures are presented in Table 17. The strength of
,

concrete exposed to these_ temperatures for longer periods of time could be-
,

lower-than the values in Table 17.
i

,

t

8.2 -Effects on Reinforcing: Steel

- Data on the effects of elevated temperature specifically on ASTM A 615-

Grade 60~ reinforcing steel was not obtained; however, some general

information on carbon steels is provided by References 29 and 30. Table

18 shows effects of elevated temperatures on a number of steels including'

- O:. a high strenoth. steel SAE 1040 (Reference 29). This steel has a high
|
\
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carbon (C - 0.41) and manganese (M, - 0.77) content similar to what might {g
be expected for reinforcing steel. Reference 30 provides inforration on

common structural steel, ASTM A 36 (C - 0.26 max.), for temperatures to

1800'r. The PNPP values are based on the values for SAC 1040 except that

above 1000'F the curve is extrapolated to follow the shape of the curve

for ASTM A36.

Reinforced concrete is a composite material which could be affected by
_

loss of strength of reinforcing steel or concrete. In general, the

strength of reinforcing steel is more significant than concrete because

all tension loads are assuned to be carried by the steel and because

nearly all bending components (beams, walls, slabs, etc.) are
7

under-reinforced for both economical and design reasons. Concrete strength

is significant as affecting development of reinforcing steel stresses at |k
bar ends and splices.

8.3 Effects on Steel Plate .

.

Containment /drywell hatches, airlocks and the drywell head are mainly

composed of SA 516 Grade 70. Reference 9 Table I-1.1 gives allowable

stresses for this steel for temperatures from 100 to 700'F. It is

reasonable to assume that the i loss of yield stress is very similar to

the % loss of allowable stress. For higher temperatures than 700'F we can

use References 29 and 30 which were previously discussed under effects on

Reinforcing Steel. Estimated strengths of SA 516 Grade 70 are presented

in Table 19.

O
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k

(J The PNPP values follow Reference 9 up to 700*F since this is data
'

specifically _for Asm A 516 Grade 70. Above 700*r the values are

. generally based upon the lower of References 29 and 30.

8.4 Effects on Seal Materials

Airlocks and Equipment Hatches

i

'Ihe seals for personnel airlocks and equipment hatches for both the

containment and drywell are ethylene propylene diamene monomer (EPDM). We

do not have specific chemical and physical properties for these seals,

however the project specifications required that the drywell seals be able

to. withstand 330'F for the airlocks and 285' for the hatch. The design

accident temperatures for the containment seals was not as high (185'F);

l- however;it seems likely that the same seal material was used for

containment and drywell airlocks/ hatches because these components are by i

the same manufacturers and are nearly identical as_far as sealing details,
l

,

-Reference _2 Figure 2.14 shows " seal life" in hours for a number of seal

materials including thylene propylene. Data from the graph of ethylene

propolene is'shown in Table 20.p
t
i

.

-Reference-2, Appendi.x A_to Appendix B reports testing of two models of
~

i

dealing configurations: neoprene o-rings in trapezoidal grooves and
;

silicone compound in tongue and groove. The neoprene o-ring, which has

- the same sealLlife curve as EPDM, was tested at both room temperature and
|

\ at 420'F. Some small leakage vas detected at 420*F indicating some seal

!
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distress. 'Ihe seals were also deformed by the high temperature test even

though the leakage was very small.

In summary, for PNPP seal materials, we might expect the seals to

significantly change in physical characteristics above 400'r. Whether

this change results in seal leakage or seal blow-out cannot be determined

from the information just presented. Even with specific information about

the characteristics of seal material at i 3mperatures above 400'r, the

function of each seal detail could still be highly dependent on the

magnitude of the pressure, the deflectierr of the flanges and the

particulars of the configuration itself. For example the behavior of the

o-ring seals on the equipment hatcher would ne necessarily be the same as

i the inflatable seals or' the personnel airlocks even if the temperatures,

pressures and flange deflections were identical.

Electrical Penetration Sealsi

|

|

|
There are 40 electrical penetrations through the containment vessel (see

rigure 5). As indicated in Table 16, these have been tested at high

temperature and pressure with negligible subsequent leakage. The

penetrations have four o-ring seals, two of EPR material and two to

silicon. These seitls should perferm well up to 300*F. Even if the seals

were degraded, the potential leakage area would be small and is estimated-

as 200 in' for all 40 penetrations.

The drywell has 52 electrical penetrationc. See Figure 5. The~e

penetrations are sealed on the outside of the drywell wall y neoprene
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- material under clamping pressure. These seals are designed as fire

barriers and have been tested to withstand a 3 hour fire per U.L. rating

and a 5 hour fire per American Nucleat Insurers. In addition, fire

proofing material has been added within the electrical boxea between the

neoprene seals and the drywell wall. The sealing material is uctually

designed to swell under increasing temperature up to 600'r to compensate

for the possibility of degraded cable insulation. The potential leak area

can be conservatively taken as the inside area of a 5" conduit, 19.6
~

in*/ penetration, or a total about 1000 in'.

-

9.0 Sumary and conclusions

The composite fragility curve for the containment indicates a pressure

capacity of 53.5 psi at a 51 probability of failure and a pressure

capacity of 64.3 psi at a 50% probability of failure. The most critical

failure mode was found to be a failure of the containment vessel plate
,

adjacent to penetration F414. A pressure capacity of 57.4 psi at a 5%
_

probability of failure with o logarithmic standard deviation of 0.151 was

estimated for this failure mode. The next most likely failure mode is

expected to be a failure in the containment vessel plate adjacent to

penetration P205 wit $ a pressure capacity of 58.1 psi at a 5% probability

of failure wit.h a logarithmic standard deviation of 0.135.

O
'
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YABLE 1

IEff1 MATE OF PNPP DRYWELL
MEAN FAILV AE PRESSURE

Mean Fedure

Cornparetti Motorial Presouro (poe)

)
~'

Lower weil SA 610 = Grece 70 pe 9

Upoet west Roansorced concrete a7 0 f1)

Anoi R**nloreed concrete a7 0(t)

Hood 64 614 = Grade 70 77 8

rpment heichoe SA $18 = Grade 70 $4 7

Personnet artnene SA 8to a Grace 70 1072

1 9
m m.e co. _._, - _ _., e_ e . e .,.

Secnone 14 and is of ttne PNP'iPE Contesement analy.e ind. case trist
mean leeurs peeeuree 4.aeed ort actual PNPP ettvetural deteeie mey be

higher ths",87 pm.

\ O

H.1 - 80

u :
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1

,j'')

t

I

TA8LE 2
,

MAfttlAL Pe0Pttfit8

-

Component moon field Mean tenelle field Strength tenelle $trength
Strength Strength Standard Devletion Standard Devletion

(kell (kel) (kti) (kel)

p. $1.3 77.2 2.91 2.02

Cyunoe, 69,7 74.9 3.22 2.80 ,

Cassponent Cargrete mean Standard Devletion
Compresolve Strength

(pet) (pel)

(,
t

's met 6642.0 u8. 0

?
. t

/ \
\-
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'!CONTMNW4WT FAILUM WODE DAT A

I
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t
.

WEAN COEPP)CifNT LOG.STANDAMO LOG.STANDAMD LOG. 314 NOAMD WEDtAN

P AILURE MODEILOCATION PMLURE OP OfMAT10N OP OfWATION POM OfVIATION OP PMLURE

PME90VM VAMIATION STMENSTH Se MODEUNG CAPACITY, te PntS8UM
" (P90 UNCERTMNTY,Sm (Peg

!

t. DOME KNUCKLE Ar 40 068 004 ,17 . t e0 $1.1 ;
,

i

2. DOME APEX '07 40 - 008 000 17 100 tos 7

3. CYLINDER t te to Dee 006 .it . tes 117 e
i

4. PGAGONNEL AsALOCA 107.30 Des 006 .14 _ ,ip 10s e
,

6 1:0VIPMENT HATCH f00LTS) 77.10 006 006 .14 .m Ts.2

+

4. PfNETRATION P123 7s.00 Det 0e8 .15 .t e3 Th e j
_q

V 7. PENETAATION PSe8 88.00 .037 05? .13 .136 48 4 _____

!
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6. PENETmATION P f 4 e6 00 000 Ge8 ,18 . t C3 ed 1

C ANCMOAAGI. CONCRETE 7015~ 070 ~ .070 .30 tti 7 s.1
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1ABLt $

f ailure kode Ocune Ersckte (Pf1)
M ien Pressure, Pat 81.1 pel
te : 0.18

Pressure wLrdP/Pm)/tc Pf
P.P88

30.00 C.52 0.0005'
60.00 3.93 0,0000

42.50 3.59 0.0002~
45.00 1.27 0.0005
47.5A 2.97 _0.0010
50.00 2.64 0.0040
$2.50 2.62 0.0080
55.00 2.16 0.0150
57.50 1.91 0.0280
60.00 1.67 0.6670
62.50 1.65 0.0740
65.00 1.23 0.t09T
67.50 1.02 0.1560
70.00 0.82 0.2060
75.00 0.43 0.3340
60.00 0.06 0.6680
85.00 0.26 0.6030
90.00 0.56 03 T
95.00 0.63 0.6110

100.00 1.16 0.6770
110.00 1.69 0.9540

E- 120.00 2.16 0.9850;

"

130.00 2.62 0.9960
140.00 3.0) 0.9900
150.00 3.42 1.0000
160.00 3.77 1.0bE

.

O

H.1 - 84
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futt 6

Felture modes Dome Apes (Pf 2)
medlen Pressure, Pen 105.7 pel
Se : 0.18

Pressure we(MP/Pu)/Sc Pf*

pep 6I

40.00 5.60 0.0000
50.00 6.16 0.0000
52.50 3.89 0.0000
55.00 3.631 0.0001
57.50 3.18 : 0.0004
60.00 3.15 0.0008
62.50 2.92 0.0020
65.00 2,70 0.0010
67.50 2.69 - 0.0060
70.00 2.29- 0.0110
75.00- 1,91 0.0280
80.00 1.55 0.0610
85.00 a' 21 0.1130
90.00| 0.89 0.1870

0' 95.00 0.59 0.2780
100.00 0.31 0.3780
105.00 0.04 0.4840
110.00 0.22 0.5870
115.00 0.47 0.6810
120.00 0.70 0.7580
150.00 1.15 0.8750
140.00 1.56 0.9410
150.00 1.94 0.97a0
160.00 2.30 0.9890
170.00 2.64 0.9960
180.00 2.96 0.9980

r.- >

*g
"V

<

H.1 - 85

t
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O

TASit 7

failure Mode: Cyltroer (Pf3)
Median Pressure Pet 117.8 pal
lc : 0.163

w

Pressure veln(P/Pm)/tt Pf

P. Pal

50.00 5.26 0.0000
Q.00 4.16 0.0000
'62.50 3.89 0.D000
65.00 - 3.65 0.0001
67.50 3.62 0.0003._
70.00 3.19 0.0007_
75.00 2.77 0.0030
60.00 2.31 EDW
65.00 2.00 0.0230
90.00 1.65 0.0490
v5.00 i.32 0.0930

i

100.00 t.01 0.iS60
105.00 0. 75 C,. 22 70

110.00 0.42 0.3370
115.00 0.16 0.4360
120.00 0.11 0.5440'
130.00 0.60 0.7260
140.00 1.06 0.85fo~
150.00 1.44 0.9310
160.00 1.44 0.9700
170.00 2.2.5 0.M80~
180.00 2. 0 0.W50
190.00 2.95 0.9900
200.00 3.25 0.9990
210.00 3.55 1.0000
220.00 . 3.83 1.0000

e
11 . 1 - 8 6

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _
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TABLE 8

Failure Mode Persortwl Airlock (Pf4)
Median Pre 41ure % 105.9 p '
Sc 0.154

Pressure win (P/Pu)/8e Pf
P,pel

50.00 -6.87 0.0000
55.00 4.25 0.0000
57.50 3.97 0.0000
60.00 3.69 0.0001
62.50 3.42 0.0003

~

65.00 3.17 0.0006
67.50 2.92 0.0020
70.00' 2.69 0.0040
75 .00 2.24 0.0130
80.00 1.82 0.0340

|45.00 1.43 0.0760
1.06 0.145090.00

~

0.71 0.239095.00
/ 10d.00 0.37 0.3560

k 105.00 0.06 0.4760
110.00 0.25 0.6000
115.00 0.$4 0 ?c50
120.00 0.8) O.Nio- '
130.00 1.33 0.9mo
liJ 00 1.81 0.9650
150.00 2.26 0.9680
160.00 2.68 0.9960
170.00 3.07 0.9990
180.00 3.44 1.0000
190.00 i 3.80 1.0000

200.001 4.13 i 1.0000

/

s

U .1 ~ L:]
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TABLE 9

Failure Modes (galpment match (totts) (Pf5)
Median Pressure, P=: 76.2 pel
te : 0.154

Presss e Waln(P/Ps)/Sc Pf
P, psi

30.00 6.05 0.0000
40.00 4.18 0.0000
42.50 3.79i 0.0000
45.00 i 3.42 0.0003
47.50 3.07 0.0010
50.00 2.74 0.0010
52.50 2.42 0.0080
55.00 2.12 0.0170
57.50 1.h3 0.0340
60.00 1.55 0.0610
62.50 1.29 0.0990
65.00 1.01 i 0.1510
67.50 0.79 1 0.2150
70.00 -0.55 0.2910
75.00 -0.10 0.460^
80.00 0.32 0.6260
8$.0u 0.71 0.7610
90.00 1.06 0.8600
95.00 1.43 0.9240

100.00 1.76 0.9610
110.00 2.38 - 0.9910
120.00 2.95 0.9060
130.00 3.47 1.00E|

140.00 3.95 1.0000
150.00 4.40 1 1.0000

0

H.1 - 88 I

|
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TABLE 10
,

.

Failure notes Penetration P123 (Pf6)
Modlan Presse e Pet. 75.9 pel
Sc : 0.163

,

Pressure ustn(P/Pm)/Sc Pf
esp 8I

=

30.00 5.69 0.0000
60.00 -3.03 0.0000
42.50 +3.56 0.0002
65.00 +3.21 0.0007
47.50 2.88 0.0020
50.00 2.$6 0.0050
52.50 2.26 0.0120
55.00 1.98 0.0240
57.50 1.70- 0.0450
60.00 * 1.64 : 0.0750
62.50 -1.19 0.1170
65.00 0.95 0.1710
67.50 0.72 0.2360

[,-~) 70.00 0.$0 0.3080
k/ 5 .00 0.07 0.4720

80.00 0.32 0.6260
85.00 0.69 0.7550
90.00 1.05 0.8530
95.00 1.38 0.9160

100.00 1.69 0.9540
110.00 2.28 0.9890
120.00 2.8) 0.9000-
130.00 3.30 1.0000
160.00 3.76 1.0000
150.00 4.18 1.0000

.r'T
-f 1'q) .

H.1 - 89
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TABLE 11

Fellure Model Pen *tretten P20$ (PfD
medlen Pressure, Pm 58.4 pel

Sc : 0.133

Pressure usin(P/PS)/BC Pi

P, psi

32.50 6.336 .t 0.0000

35.00 -3.768i 0.000)

37.50 3.276 0.0005

40.00 -2.798 0.0026
42,$0 2.549 v.0094
45,00 1.926 0.0270

0.063547.50 1.526 i

50.00 1.166 , 0.1259
gy,$o 0.784 1 0.2165

55.00 0.460 i 0.3300

57.50 0.110 0.4562

60.00 0.205 i 0.5812

62.50 0.507 0.6960

65.00 0. 79 8 0.T975

67.50 1.077 0.8592

70.00 1.346 0.9109

75.00 1.858 0.9684

80.00 2.336 0.9903
8$,00 2.785 0.9973

90.00 3.208 0.9993

95.00 3.609 0. M 8
3.969 | 1.0000100.00 ;

,

O

H.1 - 90
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1ABLE 12

Fellure %$es Penetration P414 (Pf 8)
Medien Pressure, Ps: 64.1 poi
sc : 0.163

Pressure v=Ln(P/Pa)/Sc Pf
f. pol

30.00 6.06 0.0000'.

- 32.50 6.17 0.0000
35.00 3.71 0.0001
37.$0 3.29 0.0005 |

40.00 2.89 0.0020 i
1

62.50 -2.52 0.0060
65.00 2,17 0.0150
47.50 1.86 0.0330
50.00' +1.52 0.0660
$2.$0 1.22 0,1110 |

55.00 0.% 0.1740
57.50 -0.67 0.2510

-s
l' \ 60.00 -0.61 0.3410

~ %,/ 62.50 0.16 0.4360
65.00 0.09 0.$360
67.50 0.32 0.6260
70.00 0.$4 C 7050
75.00 0.96 0.1520
80.00 1.36 0.9130
85.00 1,73 0.9550
90.00 2.08 0.9810
95.00 2.41 0.9920

100.00 2.73 0.9970
110.00 3.31 1.0000
120.00 3.85 1. (200_ _

130.00 6.34 1.0000

I
i
t

.p**
j

A

i /'.,_/
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TABLE 13

Falture MWes Arderove, Concrete (Pt9)
Median Pressure, per 75.0 pet
Ec : 0.212

Pressure un tn(P/Pa)/8c Pf
P psie

32.50 3.947 0.0000
35.00 3.598 ' O.0002
37.50 3.272 0.0005
60.00 2.968 0.0015
42.50 2.682 0.0037
65.00 2.412 0.0079
47.50 2.157 t 0.0155
50.00 1.915 0.0277
52.50 1.685 0.0460
55.00 - 1.466 0.0714
57.50 1.256 0.1045
60.00 - 1.0% s 0.1458
62.50 -0.863 0.1940
65.00 0.678 0.2489
67.50 J.500 0.3085
70.00 0.328 0.3715
75.00 0.003 0.5012
80.00 0.301 0.6182
85.00 0.587 0.7214
90.00 0.857' O.8043
95.00 1.112 0.8669

100.00 1.354 0.9121-
110.00 1 1.804 0.9644-
120.001 2.214 0.9tb6
130.00 2.592 0.9952
140.00 2.961 0.9984
150.00 3.267 0.9995
160.00 3.571 0.9998
170.00 3.857 0.9999
180.00 4.126 1.0000

0:

11 . 1 - 9 2
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TA8LE 16
|
.

IFellure moder Anchocoge. Steel (Pf10)
median Pressure, Pm - TT.9 pe t
he : 0.163

Pressure u=Ln(P/Pa)/8c Pf
.

9,pa i

30.00 5.85 0.0000
35.00 4.91 0.0000
40.00 6 -4. 09 - 0.0000
42.50 - 3.71 - 0.0001
45.00 3.36 0.0004
47.50 3.03 1 0.001b-
50.00 2. 72 0.0030
52.50 2.42 0.0080
55.00 2.13 0.0170
57.50 1.86 0.0310
60.00 -1.60 0.0550
62.50- 1,35 0.0890

C |<< s} __

65.00 1.11 0.1340

N.__ / 67.50 0.88 0.1893
70. 00 0.65 0.2580
75.00 -0.23 0.4090
80.00 0.17 0.5680
85.00- 0.54 0.7050
90.00 0.89 0.8130
95.00 1.22 0.8890

100.00 1.54 0.9380
110.00 2.12 -0.9830
120.00 2.65 0.9960
130.00 3.15 0.9990

0.9998140.00' 3.60 i

150.00 4.02 1.0000

/'~'st

' !

; '__-
|

| H.1 - 93
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' penaramon .: conenone int ' condmone sor t.se.ge
Type ~ egang Test Accident Test Aber Tees

(por penevanon)

Los VoNege '- 302 Degree (F) lor 340 degree (F) and < SE4 in"Wees
through C.V. 100 hours 10snofor3houte et 75 po

t

Medium VoMage 302 Degree (F) for 343 cegree(F) and ' < SE-4 in"3/see
through C.V. 100 hours 111 pa ser 3 houte at75pe

Dr M iasdegreelor. 280 in"3tesc
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TASLE 17

EMECTS OF ELEVATED TD4PERATURES ON CONCRETE

% of compreserve strengot at room temperature
lor 44 hours exposure

_

Temp ASTM Publication Act Putdecaten
Degree (F) STP854 $P 2$ PNPP egumate

(Ref. 28) (Ret.11)

200 i 45 | 90 t$
i

300 Se i ES I 85

I I

4o0 so i ao e ao

i I

600 55 I 80 55
_

soo 40 i so ao

1,000 33 i 45 t 30

i i

1.200 1 20 6 40 20

i i

i 30 101.400 -

i

1 7 i S1,000 | =

! ! I |

,

O

H.1 - 96
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TA8LEla

EFFECTS OF ELEVATED TEMPERATURES ON REMORCING STEEL

.

% ci peld erength at room tempersture

Temp
Degree (F) ASTM PuWicauon Uruted State PNPP esumale

sTPiso w uanas for AsTu Asis

(Ref. 29) (Ref. 30) - Of see 60
,

!

20o u 80 i se

1

400 90 95 | 90
'

I

800 78 M 6 70

i

s00 - 52 e as 1 52

i

1.00b 20 73 1 20- fw
1

's./ 1.200 40 l to-

4

20 i 051.4C0 .

l

I i

- .

),

%)
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TABLE 19

R

EFFECTS OF ELEVATE TEMfT.RATURES ON SA Sit ORADE 70 PLATE

% of W arengm at room tempersture

Tome ASME 8. & P.V. COOE ASTM STP 180 U.S.S. STEEL

Degree (F) DESIGN MANU AL PNPP seamste
~

(Ref. 9) (Ref. 29) (Ref. 30)

100 100 ! 100

6

200 91 81

300 29 I 89

1

400 86 3 38

I I

50o si i ! t at
-

2 .' g i

e00 74 t 74

i

m n i n
_

f

800 $2 i 88 1 50

i

1.000 20 73 i 25

i i

s.200 1 40 20
_

6

1.400 1 20 10

e i

1.800 12 1 5 <

l I

1,800 | 8 0

i

O
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St.AL UFE O' ETHELENE PAOPOLENE

Temocetui. s ut.

@MfM O (hours)

an s.ooo

@ 5

W 0 76

000 01 to 0.2

-.

g sq
( )-- v.

,

l-

| ai-
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1

I
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TABLE 21

LE.AKAGE FROM CTHER THAN STRUCTURAL FAfLURE(1)

Potentlaf Leak Aree(an*2)and
Cause of Probatwitty of Leakege (2)

nem Leakaos
200 Deg4F) 300 Dog.(F) 400 Dog 4F) 500 Dog 4F) 000 Dog (F)

Adriocae Temperature 47 47 47 47 47

Degrades Seal A A B C 0

Akrtoct8 SealLooees 47 47 47 N/A N/A

Innapon B B C (Seal Degrades) (Ses10egraces)

Preneuro

Equipenent Softe Stretch 2 2 2 2 2

Hatch and Seal Looees A B C D 0
Comoreeman

Mecnanecal Fracture of 200 (3.5) 200(3.5) 200 (3.5) 200 (3.5) 200 (3.56

Penetrations Bellows A 8 C 0 D

(Orywen)

Meenanical Practure of 900 (4.5) 900 (4.5) 900 t4.5) 900 (4.5) 90014 5)

PenettetWe Bellows A B C 0 0

(Contaenment)
Doctrical Temperature 1000(6) 1000(6) 1000(6) 1000(6) 1000(6) i

Penetratione Degrades A A A A A

f(Drywem Seals

Sectncal Temperstu e 200 (7) 200(7) 200 (7) 200 (7) 2c0 (7}

Penetratione Degrades A O C 0 0
_

(Cmtamment) Seats

Notes:
(1) Cfects of temperature on matenais and comporvante to discussed in stem 4.4
(2) Key to settmated prooabehttee:

A - Highly unhkeJy : Procatedty of occurrence of .001 or lese
8 - Very unlikely : Procabality of occurrence of .01 or tese
C - Uhkoty : Proceedity of occurrence of ,10 or lose
0 - Indeterminent :Proceedity negner than 0.10 but not further d 6ned

(3) Saeed on 2 penetradone with potential testage of 100 in't sech
(4) Based on 11 penetranone including 4 penettanone wdh 121 in*2 sech
(5) Potenuallosaage aree 6e a enansmum that enound never be reached. We should expect

that some penetrouone wouid fad before othere because of different beeows

con 8guracone and relauve monwnents. In addition a crected bedows could grve
a much smaller leak area than the 'ootenuaF wncti se .alculated on the base of
be44cwe bemg totally 6neffective in ho6aiN pre neure

(6) Saeed on $2 penetratione. See stem 8.4
(7) Based on 40 penetrettone See item 8.4

O

H.1 - 100
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APPENDIX A

CONTAINMENT VEBSEl. ANCHORAGE, CONCRETE

|

1. Calculation of.mean failure-pressure based on concrete strength

2. -Selection of log standard deviations for materials, h, and for - l
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modeling,_ h.
~

i
|

1

|-- f% :

tj '

+
t

-

_

b

-. >

|

. , . . .

4 e

_

.

o

L,
H.1 - 101

~-

,,

y m ._ +. .- -.c. ---..c ,,,,,,--.-#_ . - .., - ---- - -_ __ ,m, _ _ _ _ _ __ ___.._ . _ _ __



suxcv p, ppg,3a o g g 4 toauririssa page.

0*u' I'NI""O D'O E ~ C OW OI ETE o, Z-Gilbert / Commonwealth
""V'I b d d dy esrawn pa,esusenorituto

CALCULATION , , , , , , , , , , ,

cara

r u uu.u ma ee. w m uu m use e
! ! .! :

.

Co.p cd _n8 A E M - C.e A 43. _ __

'j
ea a_w aow a c % mms,

M u. Im b _.M I ~sid_Ap M ! %.uAn &6M4
!

- +4. . u .. . % - 4 ,.
_

.

i ,_ :,u m u
N W 0 hh.M.%5.YfW' *

ukru b hu. LAu.cd k W h.
f.a%'da _.

,
. .

4 . _ ).b Mn .. S
''

. .

._ edabhka.d. _%_g.shue 'WoL- .
1_.

%d+W . + m k R; Sa iw % al- . _.
_. . ~ . -

s.. a -OW O! ; i
'

..

; : ,
,

.

._

~- kQp W h5$_La, cuah O p .

i 1 _i . .

W h' .. YWlh -,\*" y

wi< b >6 m-c 4 6_-L_.es h.hAA _ w r k % k _. g _tt.e. m oa4( gd p_ . . _ _ _

> -

4 L i +k b1btla Mca.mku.J b,'i

i ! 'To ud s A kb o f < t.o o ! wo4t k % "
I ! meLA Wes, LeJAi.e Ma kA.a-

%.L W 'a c . ornw-
,

um.m , i i i ,

Tkd e'l=L4i.,; a & - m mk M*d
i,

be.ual k ' ns! sb n6! A- nyr. Th e-

e ! <::bO eS Ibp.lAcc._.cmcAe_wou.! hei

- Lw~ & 9 As%% ga y.

y _
_, ,

, -
-

_

! i H.1 - 102

PROPR!ETARY INFORMATION OF GILBERT / COMMONWEALTH - FORNTERNALUSEONLY
sM.446 7 e4

THIS 15 A PERMANENT RECORD 00 NOT DESTROY.



sumcT ,Npp 19 O g f. A ioatirita me-

n C.V. Mc noo.c e. - c o c c a.u.r t 3
,

Gilbert / Commonwealth or
"

y swe= sums /cosesuttawTs
wicaorituto ence

CALCULATION on,...yo,

DATE

. . . dd N ._ .. -

i - a_. >
. . . _ _ . . _ _ ._ ___.

E_bC. -Ib _.(cd aNCo.pAAd_3 f Cow *

i, ,

! bd k ,t | DiMeu b M,1.4..fi i 1.1
i ho' i4 -

c-, ,

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

bl{(Wt.rth [5' ('a, *4 /- |
"

\ ,
/ { .- .

*

,
c --- , , ,

N i 8

Y j*
'N 3Lh8 i /

*

,

x i (_ _

'
4 j

.
x; -

~

. 9 v ._ _
'

R. nolo. \' i R' m So ._'_!io
u..es ,A %- +4e

. . . . _ _

e_-

7me -_ a3 n w '

,

s e.keru N i

.. _ ._.._Cx euJe3/
.P,_

I_G. O _GFc')kW@7
' v ek.o r = - . _ _ . - _ . _

I /- 9 N

- 663.t*2.N f-(h d, d _d64&'2.f 5 Ydt d 'l 6 3. 362

yTr _ a3mw_' i : v,

- bd16twNw821 pitI

LI J', j i ii
i

i

2,h , g n ' .I rrnr#/ec ko I|
'

,,.

i i ii
,

,
-

''
g. .
, _. J . u u - '? ' IM '

~
.

~ '

>
,

- - - - - - - .

,
*

''

t .
, ,

e
,

(o) ..
.. .

, . .

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

,

4 *wMem e-

H.1 - 103
PROPRIETARY INFORMATION OF GILBERT / Cot 4MONWEA1.TH . FOR INTERNAL USE ONLY

gat-444 7-84

THIS IS A PERMANENT RECORD DO NOT DESTROY



- . - - - __ - - _ .

suus.ct AM U.ND L6 d'
to caririca paos

,

O C, t/ , A R t.M09 A(c, G/ - @CRGTE 3\.

Cilbert/Commonweilth . o ,.

**b Y 0e i omeneneansta m *snuss
talc R O FIL d E D P&OES

"

CALCULATION on ,a ,,,, y e ,
__

DATE
.f

C.hLC,EA;TLor4_AP M%tk.2MLULV. _PREAWW

__JhM g|.. C c. p c. dy hyk._C ._____.2 _

- -

i i
,

%% cgedg?c 6.g Mtm Ac.Q~~~
p>&sk ; .._ ! _ . .._

Ed._3h b 5Pfa/,_o k - t ' dp_b4. 9_. c s).
. wkdI

_ km's 4oN QNtm _L __ _b5_M'C.b - p N c... M _h
__5_Lc_p.L A_2.1 C - ,._' Iso _ p i . _ _ . _ . _ . . . . _ . _ _D.d. . '= .

. _h [. - _ . _,
.

w.ctchM .

| __ - I b u.s. ( % d L u t'Af b k gkig._w b ts pi _ _ _ _ _ _.

mPebpw.c s.y 3_;_13 L_p_Lr2_tC,_116o_S p i _

'

t.r

1.Is" do .E M uc h a.4.s__4.L M 6 L3.S_{J_kau
I If ve.A u l _ b .5 " . _ _ _ _

i IS" basic b6 5. o

->
_ _ . _ _ _ . _ _ _ . . _ _ . _. _ _ . _ _

t>. L . / 7g0 p<,' < t.s" i n TT mo 7s
,,

'
.t o .J o . _ _c q ,_. 2_

/W zs.s n..
'

(1 ha-/ ! /b te pLd 128o. i > i.s o n m 1.C _73 38 'p ' ~ ' .

/E 288_ __
h ow

pxk L ha44.1 M F11,5 [ u e YM1M.we eA
"

|- J
. : ! , , i
! | i i

p NwW 3"77.1 ff_l1 N "__l5ISL _ I hj__p i' '''

| 77.38I
^

* -
,

! I| | ! || i ;'-

| | | 'I ! !' '
,

! i | | | ! '

-

4 h _ keuf A h M d G b _.S N N 'O.O bo b _ b _._3 C_

w w w G (.L g Q .h e p u oh c mG~L r Ls-

$% tu.nd.L. . YM $Y W
, _ _ . AA.M~ O
'

k A.nsb rEvt. - h f31#6%f _16 ,_.h b._
.. .

- - _ -

! H.1 _ 104
FOR INTERNAL USE ONLY GA3 444 And j

PROPmETARY INFORMATION OF GLBERT/COMMONWEALT'et -

THIS IS A PERMANENT RECORD DO NOT DESTROY |



. . . . _ .

~

suwxcrgggy my., A itcatirica paoc

f" ' b M U" KO S* W# t 'CO*0IIITE

k***
Gilbert / Commonwealth

a"l Ld JJ JJ d .,,,,,,,,,,,,m_,_ _

halC R O F IL M E D PAGs3

CALCULATION o ,a,,,,yo ,

f oatz

_C.A LCV.Lpinoll_o F ! MEAT 4 FAtLU Rji- R$Ess*R.E
NSo- h..e b. N; -

- - - . _ .

s.a m e m u~, uma eg; m > # 1(
l 'i 14 i; I 1 i I: !

r i
4

,,

t.D2J_M sb l L u 6 e4 req . .

htldp' Af +bdi m4q+ A. g-_ c b 4 _..L. _ 6
i u AAA 4 4 4 6 mat
! -M i MLp ' b Iau LYW!A4 a._dw
mee_ b M __m. b _3Ca. pal % M fLt__i

c. e let_b_wtk h A hw nt_e .m ._ M . m lo n _
6 K. & %4tu. a W. %.m,+ gAp
as %_hle,~ls.40 % _a Wt ltd><-s_.y~ 'A A_mde, _.iR Etwa +. U Nb %._ p^kl

'

.. . $% (kW %f.umA-_L snkk)_.. -.
~ u -tu a c- . ~- u o u: uuw

.

I dm & & huk. sudu1_basOn'th< eenuler4_
u W ~tx (e.c 1 % s[ T& %n h_ ca.Lela.ku _-
! %L 4h a A eArek e w4 h_e

|

I l w4- (E h.u.u. %kd<>v.ll *p't,-< C(s&

eqb bad W c.4 led Q_cq _tf u.* hI

A_ e t A _u.4 @ds.I a_e_%a uw.
3

A: _-

LwLLm u_,D w m JA ,d6 .

L,A4 ,| 14 x _ ! %A
! ceMehtoN al +GI % a i khs.dl Lt.4e. d., % d!'

I I i i II LW i

I. i ''i i l i 1 I I

9 t h d 4 - 2 n lla.( 4. nal uck- I : !

! 9:

L &l Lok ne,' illw 4 Lic.alJUo- J!R!
u.p d bi b R A n. J % Wel AA- d em_kld'

! u %_%cw a sa.A ud_uaULs).
LA

h%k A. L. ~w, (hs & a 2.4 ai

TL. vs.t_46! 51sels6 tot be_Audka_+_AAer_J
_ A ._d.qn 4_s__4 h 6 ih-cif._er__ _.I '

.
p_ _ # w _ x a s * * A 4 low _h_oy h

t w 1 - ins
PROPRIETARY lt#0RMATION OF GILBERT / COMMONWEALTH - FORINTERNALUSE ONLY

gal-446 7.e4

THIS IS A PERMANEMT RECORD DO NOT DESTROY



_ . . __ - .. . . .

| m*Jact As>95wt;n : A suzmreda pue~

b3.
Cd MC9G.TSb V. M CM0 G. "

'
Gilbert / Commonwealth

* EV-| d. d d j*

V " ,m * P Ag gs
848C RO FIL W E D

CALCULATION o , , , , ,, ,, u ,
-- -

I
.. 0 \TE
|

k i i

_ cad CULA.T_MMi_Q E__AuMLEh uML P%csu.a.a
4 .

'

_b pd .,_.d,.esre h .
,

i ii bc.. 1,- , , , .,t 1 i,. -

.

* bWbb $b $ tvva.b I _ [c_ 4ia d [ | -

"L

L i} 1 L- i A 't i i ir,j 'i i
.

;

M.__h1:sd_ e Nb ! du M- M. (.c __
,

t

'' A.} 8 A
i h4 s % ~3-, At .%3 y ':

he d! vs.t 4 W L++ .4 hiJ -o ,i N u

| ! tl44 _4Agscsh. k 44 w-is_.loicMeck _At_.lo.w_sSc.sk /
<A_4Yio+ wCck ArcmLM&ob.x h_

_
'

1

vubcee d nim.< hah?%xAn.eL nGk
hJJ mu.Q2._.__-_ woc _g: A&_ks.

t
-

E,
' @_ L 1 WS *d_

-

h 6e l,4
L t _

1:

(Oc>bsb. M& GYq0 NW Il A
*Am a: helaace_ ole.ppn._;.+" -

- - _ _ _ _e, f+ W! @ i -so' <p c.~_) 2. h.' ~'
k ig o % m L,;.w r

j

4hoo_A 4. .c o m ?'/ 3= .

__ -. .

,

[
i ,i

I'

W t]t - O' f't W*
t* . l'' A b k.L .A

' " : ; ; I ,dI i !
_

- , ,
i i i

l = 4.o0 k DA % .i ' ?B6 ' % ' LQV ,) ' *
; ! i ! ,! ! l i i l i .", .

I 11h i lac Ik & !+ebiid, cWorch of- A!
!

A Lf w u _. w u,e - n ,! C d -

|

1 i I i
-

! i i :
-

-

,

|- -Id 44 $*PT g h be.C4l e c4Mc.Mc 0-u,(f-cs4.k
! I

' '
|

pve.vteal _f.a.l..c.u.Lled .
'''~

3
i __ __ _ q p-

_
b L(m pvess %&.A_w,.tr_pi

+ , , ,
_

m., _

si41 '46 7-64

PROPRtETARY INFORMATION OF GtLBERT/ COMMONWEALTH . FOR HTERNAL USE ONLY
THIS IS A PERMANENT RECORD 00 NOT DESTROY

|
. . . . . . - .



. . - - . - - - -..

[
~

-Page 6

- /3 APPEND 1X A CONTAINMENT VESSEL ANCHORAGE, CONCRETE-

U
Sff.ECTION OF LOG STANDARD DEVlGJIONS FOR CONCPETE ANCHORQGE

B. . Variat ton in Matvriel Procartles

s

Reference 17 shows that the mean cylinder test strength (28 days) of the
concrete foundation mat is 6442 psi, with a standard deviation of 448 psi.

The coefficient of variation is 448/6442 = 0.0895. Therefore,

B. = tin (0. 4695^* + 113 ^* 8 = 0.07

B.. Variation in Modelina

A number of factors can cause the strength of a concretr# anchor to vary from
the theerstical predicted on the basis of material test strength

,

1. concrete in tent. ion in the anchor zone
2. local variations in concrete strength due to placing and

curing techniques
3. tolerances in anchor position and concrete surf acesp) 4. modeling inaccuracy(

1. ConcrSto in Tensions

Tension stresses in the conc.sto from other loads can reduce the
' concrete capacity for anchor pull-out. In particular, internal

pressures could cause significant bending moments in the concrete mat at
the anchor locationc. Although these stresses may be small, we can
conservatively assign a coefficient of deviation of 0.20 to the concrete
anchor capai.:ity to allow for the presence of therc tension stresses.

2. Local Variations in Concrete

Strength of the same concrete mix can vary locally due to differences in
placing and curing techniques. These diffsfenctes are significant for

relatively shallow anchors that could be affected by local variations.
-The depth of the Containment Vensel anchors esars that a number of pours
is involved in the concrete associated with any one anchor and that any

variation over a small thickness or area of the concrete would not
significantly affect the strength of the concrete ring holding the 3+
feet ~ deep anchors. Therefore no reduction in strength need be
considered for local variations in concrete due to placing and curing
techniques

H.1 - 107 I
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APPENDIX A CONTAINMENT VESSEL ANCHORAGE, CONCRETE-

s

3. Tolerances on Anchor position and Concrete Surfaces :

Typical construction tolerances of fron.1/16" to 1/2" on anchors
position and concrete surfaces can be cumulative and significant for
shalloe anchors. Tolerances on the Containment Vessel anr%cs are
small, especially when compared to the anchor depth of 364 In
addition these tolerances have already been considered in the
calculation for ti,e mean yield capacity of the concrete ancho- We
should not assign any additional reductioti in concrete strene for
construction blerances.

4. Modeling laaccuractast

! Loads on anchorages and distribution of loads to individual anchors can
vary from the calculated values due to simplifying assumptions in the
model. This is certainly true for the Cortainment Vessel anchor
analysis where the load path at the junction of the Containment Vessel
with the foundation mat is made complicated and redundant by the
presence of the annulus concrete. In effect this concrete transfers a
large part of the meridional loads in the Containment Vessel to the
Shield But.1 ding. This means that the weight of the annulus concrete,
the weight of the Shield Building, and the vertical reinforcing steel of
the Shield Building are available to help resist uplift from internal
pressure in the Containment Vessel. The meridional stresses in
Reference 36 (Appendix C) from which the mean failure pressure of the
containment anchors is calculated. are based on a model which is
conservative in assigning the load transferred through the annulus
concrete. In addition, temperature loads on the steel Containment
Vessel actually produce downward forces in the containment vessel steel
due to the effect of the annulus concrete in restraining growth of the
containment vessel.

The significance of the annulus concrete in reducing the loads on the
Containment Vessel anchors can be seen in Reference 37, where the
anchors are actually in compression when the Containment Vessel
experiences 31.82 psi. pressure and 275.8 degree F. temperature. It is
apparent that the modeling assumptions used in calculating the mean
yield pressure for anchors are all conservative, therefore we should not
consider any strength reduction for modeling uncertainties.

O
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,

. Summarv of Lea 9tandard Deviation for Modeling,

From the above discussion it is apparent that the only uncertainty tending to
reduce anchor capacity is the preser.co of tension stresses in the concrete
foundation mat. The coefficient of variation for modeling is therefore ,

estimated at 8.29 and the log standard deviation for modeling is,

'

3. = Cin (8. 20" + 1) 3 ^* * = 0.198 Use 8.29
~

'

.

(file pnppeva)

(
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The following PNPP IPE-Accident Progression Event Tree (APET) Program Input
Data File is developed for the Event Progression Analysis (EVNTRE) code
developed at Sandia National Laboratories. Note that the EVNTRE code examines
-all-cases sequentially, and once it finds a "true" outcome for a dependency it
stops processing.the case dependency logic.- A complete discussion of the EVNTRE
code is provided in the SAIC NUREG/CR--5174 reference manual (Griesmeyer 1989).
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PERRY IPE APET REVISION O 19JUN1992
68
EVNTRE PROGRAM: PY APET0.DAT

"

1 1.0 NO. Of SEQUENCES AND SEQUENCE FREQUENCIES
'ALL SEQUENCES ' SEQUENCE NAME

$
$
$ PLANT DAMAGE STATE GROUPING LOGIC PARAMETERS *************************** PDS
$
$
1 PDS PARAMETER 1 NOT A CONTAINMENT BYPASS SEQUENCE - CNT BYP

2 'NoBYPASS' ' EVENT V'
-

1 1 2

1. O.

2 PDS PARAMETER 2 CONTAINMENT STATUS AT CORE DAMAGE - CNT_FAL
2 ' INTACT' ' FAILED'
2 1 2

2

1 1 $ IF NOT .^. BYPASS SEQUENCE
1

N0 BYPASS

$ .9942 .0058 $ SENSITIVITY FOR PASSIVE VENT & ALT S/D
$ .8123 .1877 $ SENSITIVITY FOR ALT S/D ATVS
$ .9449 .0551 $ SENSITIVITY FOR PASSIVE VENT

.7720 .2280 $ BASECASE

1.

3 PDS PARAMETER 3 EVENT TYPE: ^1TMT INTACT / FAILED AT CORE DAMAGE - EVENT _TYP
6 'SBO'' LOOP No H''OTHER TYPI- ' CRIT ATVS '' LOOP & SBO' 'OTHERS'
2 1 2 3 4 5 6

2

1 2 $ IF CNTMT INTACT AT CORE DAMAGE
1

INTACT
$ .1116 0. .8393 .0491 0. O. $ ALT S/D

.1170 0. .8830 0. O. O. $ BASECASE

OTHERVISE $ DEFAULT TO NO BRANCH
0. O. O. .1945 .1910 .6145 $ BASECASE

$ 0. O. O. .9826 .0042 .0132 $ PSV VENT
$ 0. O. O. .0236 .2314 .7450 $ ALT S/D
$ 0. O. O. .8494 .0361 .1145 $ PV+A_S/D

4 PDS PARAMETER 4 INITIAL CNTMT HEAT REMOVAL VITH SUPR POOL COOLING - SUPR_PL
2 'IN PL' 'N0 IN PL'

2 1~ ~ 2-
2

1 3 $ !00P NO HVAC VITH CNTMT INTACT
2

LOOP NO H
0. ~ ~ 1.

OTHERVISE $ NOT A LOOP N0 HVAC
0. 1.

H.2 - 2 )
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L 5 --PDS-PARAMETER 5 CONTAINHENT VENT ISOLATED AT RPV FAILURE - CNT ISOL |

~

2 ' ISOLATED' 'NOT ISOL'
2 1 2

- 2 L- |

1 3 $ IF AN SB0 SEQUENCE
L

1-

SB0
.9965 .0035

OTilERVISE $ DEFAULT TO ISOLATED
1. O.

s

6 PDS PARAMETER 6 RPV INJECTION FAILURE TIME - INJ F TIM
~-

4.- 'NO INJECT' 'RCIC ' 'HPCS ' 'NO BRANCH' ,

2 1 2 3 4

5
2 3 5 $ SB0 AND ISOLATED

1 * 1

SB0 ISOLATED
.4347 .2798 .2854 0,

1 3 $ SBC (NOT ISOLATED).
1 $ (ASSUME SAME SPLIT FRACTION AS ABOVE)

SB0 ,

.4347 .2798 .2854 0.

'() 2 3 4 $ LOOP VITH NO HVAC
2 * 2 $ NO INITIAL POOL COOLING

LOOP NO H NO IN'PL $ TOKEN VALUES - NOT DEVELOPED
1. 07 - O. O.

- ~

2 3 4 $ LO0E VITH NO HVAC
2 *- 1 $ VITH INITIAL POOL COOLING

LOOP ~NO H- IN PL $ TOKEN VALUES - NOT DEVELOPED
1. O, O. O.

OTHERVISE $ DEFAULT-
1. O. O. O.

7 PDS PARAMETER 7 0FFSITE POVER RECOVERY TIME- - PVR_R_ TIM
4 ' PRIOR RV' 'CHTH' LIM' 'NO RECOV' 'NO BRANCH'

2 1 2 3 4

4
2 3 6 $ SB0 VITH INJECTION FAILURE NO INJECTION

1 *- 1

SB0 NO INJECT
.6148 .3567 .0285 0.~

2 3 6 $ SB0 VITH INJECTION FAILURE RCIC
1 * 2

SB0 RCIC
.

.2484 .7006 .0510 0.

( -|:

2 3 6 $ SB0 VITH INJECTION FAILURE HPCS' --

! 1 * 3

H.2 - 3
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SB0 HPCS

.4231 0, .5769 0.
OTHERVISE

0. O. 1. O,

SPRAY8 PDS PARAMETER 8 CONTAINHENT HEAT REMOVAL VITH RHR SPRAY LOOP
-

3 'RHR SPRY' ' RHR POOL' 'N0 RHR'
2 1 - 2~ 3~

10
2 3 5 $ SB0 VITH LOSS ISOLATION

1 * 2

SB0 NOT ISOL
0. D. 1.

3 3 6 7 $ SB0 VITH INJECTION FAILURE NO INJECT, -

1 * 1 * 1 $ POVER RECOVERY PRIOR TO RPV FAILURE
SB0 NO INJECT PRIOR RV

.8312
~

0. ~ .1688

3 3 6 7 $ SBC VITH INJECTION FAILURE NO INJECT,
1 * 1 * 2 S POVER RECOVERY PRIOR TO CNTMT LIMIT

SB0 NO INJECT CNTMT LMT

.8284
~

0. ~ .1716

3 3 6 7 $ SB0 VITH INJECTION FAILURE RCIC,
1 * 2 * 1 $ POVER REC 0VERY PRIOR TO RPV FAILURE

SB0 RCIC PRIOR RV
.9479 0. " 0521

3 3 6 7 $ SB0 VITH INJECTION FAILURS RCIC,
1 * 2 * 2 $ POVER RECOVERY PRIOR TO CNTMT LIMIT

SB0 RCIC CNTMT LMT

.9283 0. ~ .0717
_

3 3 6 7 $ SB0 VITH INJECTION FAILURE HPCS,
1 * - 3 * 1 $ POVER RECOVERY PRIOR TO RPV FAILL"2

SB0 HPCS PRIOR RV
.9090 0. ~.0910

1 3 $ CTHER TYPES (NON SB0/ LOOP)
3

OTHER TYPES
.5171 0. 4829

2 3 2 $ ATVS VITH CNTMT FAILURE PRIOR TO CD
4 * 2

CRIT ATVS FAILED
.3D25 0. .6975

$ ATVS NO CNTHT FAILURE PRIOR TO CD
$ SENS?t' 'TY ALT S/D ATVS
$ {AS." ? LIT FRACTION .1 LOVER THAN
$ THE \B0VC. H0VEVER, HAS NO
* IMPAL. On S00BCE TERM RELEASE)
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2 3 2

.

4 * 1

CRIT ATVS INTACT
~

.2 0. .8
OTHERVISE

0. O. 1.

9 PD3 PARAMETER 9 CONTAI!1HENT HEAT REMOVAL VITil VENT - VENT

2 ' VENT' 'HO VENT'
2 1 2

11
$ SB0 VITil INJECTION TAILURE 110 INJECT,
$ POVER RECOVERY PRIOR TO RPV FAILURE,
$ NO RHR CNTNT HEAT REH0 VAL j

4 3 6 7 8
-

1 * 1 * 1 * 3

SB0 NO IPJECT PRIOR RV NO RHR
~ ~

~

1. 0.
$- SB0 VITH INJECTION FAILURE NO INJECT, ,

$ F0VER RECOVERY PRIOR TO CNTHT LIMIT,
S NO RHR CNTHT HEAT REMOVAL

4 2 6 7 8

1 + 1 * 2 * 3

SB0 NO INJECT CNTHT LIH 110 RHR
~ ~~

1. 0.

3 3 6 7 $ SB0 VITH INJECTION FAILURE NO INJECT,

1 * 1 + 3 $ NO POVER RECOVERY
SB0 NO INJECT NO RECOV~

.8676 ~ 1324
$ 1. O. $ SENSII!VITY FOR PASSIVE VENT

$ SB0 VIL IN L ' ION FAILURE RCIC,
-

'

$ POVEr 'FORBY iRIOR RV TAILURE,
S NO RHR VITNT HEAT REMOVAL

4 3 6 7 A

1 * 2 * 1 * s

SB0 RCIC PRIOR RV N0_RHR
1. O.

$ SB0 VITH INJECTION FAILURE RC70
$ POVER RECOVERY PRIOR CNTHT LIH i

$ NO RHR CNTHT HEAT REMOVAL
g
4 3 6 7 8

1 * 2 * 2 * 3

SB0 RCIC CNTHT LIH NO RHR
- -

1. O.

3 3 6 7 $ SB0 VITH INJECTION FAILin.1 PCIC,
1 * 2 * 3 ,. NO POVER RECOVERY

SB0 RCIC N0_RECOV

O $ SENSITIVITY TOR PASSIVE VENT
.1824 .8176

$ 1. O.

H.2 - 5
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$ SB0 VITil INJECTION FAILURE HPCS,
$ POVER RECOVERY PRIOR RV FAILUPE,
6 NO EliR CNTHT liEAT REMOVAL

4 3 6 / 8 ,

1 * 3 * 1 * 3

SB0 HPCS PRIOR RV NO RHR
1. O.

~~

3 3 6 7 $ SB0 VITil INJECTION TAILURE IIPCS,
1 * 3 * 3 3 NO POVER RECOVERY

SB0 HPCS NO RECOV
~

.7976 .2024
$ 1. O. $ SENSITIVITY FOR PASSIVE VENT

2 3 8 $ OTilER TYPES (HON SB0/ LOOP),
3 * 3 $ NO RilR CNTHT llEAT REMOVAL

$ 1.
~

NO RilROTHER TYPES
D. 5 SENSITIVITY FOR PASSIVE VENT

.8394 .1606

2 3 2 $ CRIT ATVS VIT!! CONT INTACT AT CD
4 * 1 $ ALTERNATE SilUTD0VN ATVS

CRIT ATVS INTACT $ SENSITIVITY ALT S/D ATVS
~

1. 0.
OTilERVISE $ VENTING UNNECESSARY OR IRRELAVENT
0. 1.

O10 PDS PARAMETER 10 LATE IN-VESSEL INJECT & PEDESTAL CAVITY SUPPLY - LAT_INJ
2 'LAT I!1J' 'NO LT INJ'
2 1 2

24
$ SB0 VITH INJECTION FAILURE NO INJECT,
S POWER REC 0VERY PRIOR TO RPV PAILURE
$ CNTHT HEAT REMOVAL VITil RHR SPRAY

4 3 6 7 8

1 * 1 * 1 * 1

SB0 NO INJECT PRIOR RV Ri!R SPRY
.9866 .0134

~~ ~

$ SB0 VITil INJECTION 7AILURE NO INJECT,
S POVER RECOVERY PRIOR TO RPV FAILURE
$ CNTHT HEAT REH0 VAL VITil VENT

4 3 6 7 9

1 + 1 * 1 * 1

S00 NO INJECT PRIOst RV VENT

.9973 .0027
-~

$ SB0 VITH INJECTION FAILURE NO INJECT,
$ POVER RECOVERY PRIOR TO CNT5tT LIMIT,
$ RHR CNTHT HEAT REMOVAL VITH SPRAYS

4 3 6 7 8

I * 1 * 2 * 1

SB0 NO INJECT CNTHT LIH RHR SPRY

.3393 .6607
~~ "

|
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$ SB0 VITH INJECTION FAILURE NO INJECT,
$ POWER RECOVERY PRIOR TO CNTHT LIMIT,
$ 110 RitR CNTHT HEAT REMOVAL

4 3- 6 7 8
1 * 1 * 2 * 3

SB0 NO INJECT CNTHT LIH NO RHR
~ ~ ~

.6887 .3113

$ SB0 VITH INJECTION FAILURE NO INJECT,
$ NO POVER RECOVERY,
$ CNTHT VENT

4 3 6 7 9

1 * 1 * 3 * 1

SB0 NO INJECT No RECOV VENT
~ ~

.9363 .0637

$ SB0 VITH INJECTION FAILURE NO INJECT,
$ NO POVER RECOVERY,
$ NO CNTHT VENT

-4 -3 6 7 9

1 * 1 * 3 * . 2

SB0 NO INJECT NO RECOV NO VENT
~ ~ ~

1. 0.

-
- $ SB0 VITil INJECTION FAILURE RCIC

$ POVER RECOVERY PRIOR RV FAILURE
1 / $ RitR CNTHT HEAT REMOVAL SPRAY

4 3 6 7 8

1 * 2 * 1 * 1

SB0 RCIC PRIOR RV Ri!R F, PRY
~ ~

1. - 0.

$ SB0 VITil INJECTION FAILURE RCIC*

$ POWER RECOVERY PRIOR RV FAILURE
$ CNTHT VENT

4 3 6 7 9

1 *- 2 * 1 * 1

SB0: RCIC PRIOR _RV VENT

1. O.

3 3 6- 7 $ SB0 VITH INJECTION FAILURE RCIC,
1 * 2 * 2 $ POVER RECOVERY PRIOR TO CNTHT LIMIT

SB0 RCIC CNTHT LIH
~

0, 1.

$ SB0 VITil INJECTION FAILURE RCIC,
$ NO POVER RECOVERY, CNTHT VENT

-4 -3 6 7 9

1 *- 2 * 3 * 1

SB0- RCIC NO REC 0V VENT
~

0. 1.

$ SB0 VITil INJECTION FAILURE RCIC,

11 . 2
"
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$ NO POVER RECOVERY, NO CUTNT VT.NT

4 3 6 7 9

1 * 2 * 3 * 2

SB0 BCIC NO RECOV N0_ VENT

0. 1.

$ SB0 VITil INJECTION FAILURE IIPCB,
$ POVER REC 0V%RY PRIOR TO RPV FAILURE
$ CNTHT !! EAT REMOVAL VITH RRR SPRAY

4 3 6 7 8

1 * 3 * 1 * 1

SB0 IIPCS PRIOR _RV RilR_ SPRY

1. O.

$ SB0 VITil INJECTION FAILURE HPCS,
$ POVER RECOVERY PRIOR TO RTV FAILURE
$ CNTHT VENT

4 3 6 7 9

1 * 3 * 1 * 1

SB0 llPCS PRIOR _RV VENT

1. O.

$ SB0 VITli m)ECTION PAILURE HPCS,
$ NO POVER RECOVERY, CNTHT VENT

4 3 6 7 9

1 * 3 * 3 * 1

SB0 llPCS NO REC 0V VENT &W~

.8432 .1568

$ Sb0 VITH INJECTION FAILURE HPCS,
$ NO POVER RECOVERY, NO CNTHT VENT

4 3 6 7 9

1 * 3 * 3 * 2
-

SB0 liPCS N0_RECOV N0_ VENT
.7460 .2540

2 3 5 $ SBO, CNTHT NOT ISOLATED

1 * 2

SB0 NOT ISOL
.5046 -4954

,

2 3 8 $ OTilER TYPES (NON SB0/ LOOP),

3 * 1 $ AND RilR CNTHT llEAT REMOVAL VITil SPRAY

OTHER TYPES RHR SPRY
.9969 70031

3
2 3 9 $ OTHER TYPES (NON SB0/ LOOP),

3 * 1 $ CNTHT HEAT REMOVAL JITil VENT

OTIIER TYPES VENT

.9JI6 .0284

2 3 9 $ OTilER TYPES (NON SB0/ LOOP),

3 * 2 $ NO CNTHT llT REMOVAL, NO VENT

OTHER_ TYPES N0_ VENT

11.2 - 8
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q. .00072 .99978
'

). ;

2 S .1 $ CAIT ATVS VITH CONT INTACT AT CD
4 * 1 $ ALTERNATE StiUIDOVN ATVS t

CRIT /TVS IHTACT $ SLNSITIVITY ALT $/D ATVS
~

1. 0.

2 3 2 $ CRIT ATVS VITH CONT FAILED PRIOR CD i

4 * 2 $ (ASSUMED AVAILABILITY OF LATE INJECT
CRIT ATVS FAILED $ PRIOR TO CNTHT FAILURE IMPACT)

.95 .05 :

2 2 3 $ CONTAINHENT FAILED PRIOR CORE DAMAGE,
2 * 5 $ SB0 OR LOOP EVENT TYPE

FAILED SB0 & LOOP
.4797 ~ ~5203

2 2- 3 $ CONTAINMENT FAILED PRIOR CORE DAMAGE,
2 * 6 $ ALL OTliERL TYPE SEQUENCES ,

FAILED OTHERS

.3137 .6063 .

8OTHERVISE
0. 1. .

11 PDS PARAMETER 11 RPV DEPRESSbRIZED DURING CORE DAMAGE - RX PRES
~

2 'LOV PRES' 'llI PRES'

O 2 1 2

25 :

$ SB0 VITH INJECTION FAIL NO INJECT,
;

j $ POVER RECOVERY PRIOR RV FAILURE,
$ VENT'AND LATE INJECTION

5 3 6 7 9 10
1 * 1 * 1 * 1 * 1

SB0 NO INJECT PRIOR RV VENT LAT INJ
~ ~

.4650 ~.5350

$ SB0 VITil INJECTION FAIL NO INJECT,
$ POVER RECOVERY PRIOR RV FAILURE,
S VENT AND NO LATE INJECTION i

S: 3 6 7 9 10
1 * 1 *- 1 * 1 * 2c

| SB0 NO INJECT PRIOR RV VENT NO LT INJ
~ ~ ~ ~

1. 0.

$ SB0 VITH INJECTION FAIL NO INJECT, t

S POVER RECOVERY BEFORE CNTHT LIMIT,
,

$ VENT AND-LATE INJECTION'

5:_ 3 6 7 9 10
1 * . 1 * 2' * 1 * 1

SB0~ NO INJECT CtHHT LHT VENT LAT INJ
.2284 .7/16

~ ~~

$ SB0 VITH INJECTION FAIL NO INJECT,i

$ NO POVER RECOVERY, VENT,

_
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$ LATE INJECTION
5 3 6 7 9 10

1 * 1 * 3 * 1 * 1

SB0 NO INJECT NO RECOV VENT LAT INJ
~

~

.9904 ~ .0096

$ SB0 VITH INJr.CTION FAIL NO INJECT,
$ NO POVER RECOVERY, VENT,

$ NO LATE INJECTION
5 3 6 7 9 10

1 * 1 * 'a * 1 * 2

SB0 NO INJECT NO REC 0V VENT NO LT INJ
~ ~

~~

1. 0.

$ SB0 VITil INJECTION FAIL NO IllJECT,
$ NO POVER RECOVERY, NO VENT,
$ NO LATE INJECTION

5 3 6 7 9 10

1 * 1 * 3 * 2 * 1

SB0 NO INJECT NO RECOV NO VENT LAT INJ

1. ~ 0.
~ ~

~

$ SB0 VITH INJECTION FAILURE RCIC,
$ NO POVER RECOVERY, No VENT
$ NO LATE IllJECTION

5 3 6 7 9 10

1 * 2 * 3 * 2 * 2

SB0 RCIC NO ,LI.COV N0_ VENT NO ,LT_INJ

0. 1.

$ SB0 VITil INJECTION FAILURE HPCS
$ NO POVER RECOVERY, VENT

$ LATE INJECTION
5 3 6 7 9 10

1 * 3 * 3 * 1 * 1

SB0 HPCS N0_RECOV VENT LAT_INJ
.8014 .1986

$ SB0 VITH INJECTION FAILURE HPCS
$ NO POVER RECOVERY, VENT
$ NO LATE INJECTION

5 3 6 7 9 10

1 * 3 * 3 * 1 * 2

SB0 HPCS N0_PECOV VENT N0_LT_INJ
.7704 .2296

$ SB0 VITH INJECTION FAILURE HPCS
$ NO POWER RECOVERY, NO VENT

$ LATE INJECTION
5 3 6 9 to'

1 * 3 * 3 * 2 * 1

|
SB0 llPCS NO RECOV NO VENT LAT INJi

~

! .9768 .0232
- ~

|

|
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D $ SB0 VITil INJECTION FAILURE HPCS
( $ NO POVER RECOVERY, NO VENT

$ NO LATE INJECTION
'

5 3 -6 7 9 10'

1 * 3 * 3 * 2 * 2

SB0 HPCS NO RECOV NO VEliT NO LT INJ
~ ~ ~ ~

1. O.

3 3 5 10 S SB0 VITH LOSS ISOLATION,
1 -* 2 * 1 $ LATE INJECTION AVAILABLE

SB0 NOT ISOL LAT INJ
~ ~

.6932 .3068

3--3 5 10 $ SB0 VITH LOSS ISOLATION, ;

1- * 2 * 2 $ NO LATE INJECTION AVAILABLE
SB0 NOT ISOL NO LT IN)

~ ~

1. 6.

-1 3 $ ALL OTHER SB0s ARE DEPRESSURIZED
-1

SB0
1.- 0.

-3 3 8 10 $ OTi!ER TYPES (NON SB0/ LOOP),
3- * 1 * 1 $ RilR HT REMOVAL V/ SPRAY, LATE INJECT

. OTHER TYPES RilR SPRY LAT INJ
~

L( .99I4 70076

$ OTHER TYPES (NON SB0/ LOOP) ;

$ NO RHR, VENTING, AND LATE INJECTION
-

-.
'

4 3 8 9 10 4

3 * 3 * 1 * 'l

OTHER TYPES- NO RilR VENT LAT INJ '

~

.9950 ~ 0050.

$_OTHER TYPES (NON SB0/ LOOP),- !

$ NO RHR,.NO VENTING, AND LATE INJECTION
-4 3 8 9 10

.3 * 3 * 2 * 1

OTHER TYPES NO RHR 'NO VENT LAT INJ >

~ ~

6.
~

L _1. .
,

L:t

$ OTHER TYPES (NON SB0/ LOOP),
$ NO RHR, NO VENTING, AND NO LAT INJECT.

'

4- 3 8 9 10

3 *- 3 * 2 * 2- -

OTHER TYPES NO RHR NO VENT NO LT INJ
~ ~~

..

.9255 70745

' . . 2 13 2- $ CONTAINHENT INTACT, CRITICAL ATVS
4 --* 1 $ SENSITIVITY ALT S/D|

C3IT ATVS INTACT-
1. ~ 0,

11 . 2 - 1 1
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3 2 3 8 $ CNTMT FAILED PRIOR TO CORE DAHAGE h
2 * 4 * 1 $ CRITICAL ATVS VITH RHR SPRAY

FAILED CRIT ATVS RHR SPRY
~ ~

.9918 .0082

3 2 3 8 S CNTHT FAILED PRIOR TO CORE DAMAGE
2 * 4 * 3 $ CRITICAL ATVS VIT.i NO RHR

FAILED CRIT ATVS NO RHR
.7458 .2$41

~~

3 2 3 10 $ CNTHT FAILED PRIOR TO CORE DAMAGE !
2 * 5 * 1 S LOOP & SBO, AND LATE INJECTION

TAILED LOOP & SB0 LAT INJ
.99940 ~ 700060

-

1

3 2 3 10 $ CNTHT TAILED PRIOR TO CORE DAHAGE I
2 * 5 * 2 $ LOOP & SBO, AND NO LATE INJECTION |

TAILED LOOP & SB0 NO LT INJ ;

.8882 ~ ~ 1118
- ~

J.

l

2 2 2 $ ALL REHAINING PDS ARE LOV PRESSURE 1

2 + 1 $ VITH THE CNTHT FAILED / INTACT ARE
FAILED INTACT $ LOV PRESSURE SEQUENCES

1. O.
OTHERVISE h1. O.

$
$
$ CET EVENT 1 DEBRIS COOLED IN-VESSEL ******************************* INV, COOL
$
$
12 LATE.LOV PRESSURE RPV INJECTION AVAILABLE - LATE INJ

~

2 1 2~
' CRITICAL'3 ' VATER INJ' 'NO INJECT'

~

3

4

1 10 $ LATE IN-VESSEL INJECTION FAILED
2

LAT INJ
0. 1. O.

1 3 $ NON SHUTD0VN ATVS SEQUENCES
4

CRIT ATVS
07 0. 1.

1 10 $ LATE IN-VESbEL INJECTION AVAILABLE
1

1A1 IU)
I. O. O.

OTHERVISE $ SHOULD NEVER REACH THIS CASE
0. 1. O.
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f*']
I J- 13 RPV DEFFESSURIZE0 DURING CORE DAMAGE RX PRESS-

*V- 2 'LOV PRES' '111 PRES'
~

2 1~ I ;

2
1 11 S RPV HAS BEEN DEPRESSURIZED |

1 -

LOV PP.CS r
~

1 0.
!OTHERVISE $ RPV HAS NOT BEEN DEPRESSURIZED

0. 1.

HOLTEN VB14 DEBRIS HASS HOLTEtt AT RPV FAILURE - .

~

2 'LG DEB' 'SH DEB' ,

2 I I

2

2. 12 13 $ IF NO VATER INJECTION AVAILABLE, OR-

2 + 2 $ (VATER INJ AVAILABLE, BUT)
NO INJECT 111 PRES $ RPV NOT DEPRESSURIZED

D.1 079
OTilERVISE $ '.'ATER INJECTION AVAILABLE

.025- .975

15 DEBRIS COOLED IN-VESSEL - INV COOL~

2 ' COOL INV' 'NC00L INV'
2' 1 2~~

.( 5 '
L 2 12 2 $ CRITICAL REACTOR (NOT SilUTD0VN)t'

| 3- * 2 $ CONTAINMENT Ft.tLED PRIOR CORE DAMAGE

L CRITICAL FAILED
0. 1.

1 I? $ CRITICAL REACTOR (NOT SHUTDOVN),

3 $ ALTERNATE SHUTDOVN ATVS
CRITICAL

|1. O.

3 12 13 14 $ LATE INJECTION, RPV DEPRESSURIZED,
1 * 1 * 1 $ LARGE HOLTEN DEBRIS HASS IN 14VER HEAD

LAT INJ LOV PRES LG DEB
~

.3 -75
1

3. 12 13 14 $ LATE INJECTION, RPV DEPRESSURIZED, ,

1 * - 1 * 2 $ SHALL HOLTEN DEBRIS HASS IN LOVEP HEAD
LAT INJ LOV PRES SH DEB

,

b .75 ~25
-

OTHERVISE $ ALL OTHER CASES ,

j.
- O.- 1.

$

CET EVENT 2 MODE OF CONTAINHENT FAILURE BEFORE RPV FAILURE ******* V,ERLY,CF
_

$

H.2 - 13
,

d -wP-+y~a.-n-v- p**Teri 9.wese m-e =- w 1rg..i ,..g.,__,,,,w..,, ..,, .,9,p..,.g_ 9p p. mus_,..___ym._y 999_qp._3 __,.y%,e,- g. 9, wr.,pp.,-g,y,y
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6 ilYDROGEN IGNITION SYSTEM AVAILABLE - Il2_IGN | |
2 'HIS OPP' 'HIS ON'
2 1~ 2~

2

2 3 3 S IF NO LOSS Or AC POVER
/1 * /5

not SD0 not LOOP ( SB0
.005 .995-

OTHERVISE $ LOSS OF AC POVER
1. O.

$ 0. 1. S SENSITIVITY FOR llIS BACKUP POVER

'
17 CONTAINHENT VENT ISOLATED BEFORE RPV FAILURE - ISOL

2 ' ISOLATED' 'NOT_ISOL'
2 1 2

2

1 5 $ CNTHT VENT ISOLATED
1 $ BEFORE VESSEL FAILURE

ISOLATED
1.

O.
OTilERVISE $ SPO VITil CNTHT VENT NOT ISOLATED

0. 1.

18 H0DE OF RIIR STRAY OPERATION EARLY - RilR MODE
~

'N0 SPRAY'3 'CONTROLD' ' SPRAY '
~

2 1 2 3

5
1 8 $ RilR SPRAYS NOT AVAILABLE

/1
nRilR SPRY

~

0. 0. 1.

2 3 $ SB0 EVENT TYPE,
1 * /1 $ POVER NOT REC 0VERD PRIOR TO RPV FAILURE

SB0 not PRIOR RV
~

0, 0. 1.

2 3 8 $ NON-SB0 EVENT TYPES,
/1 * 1 $ RiiR SPRAYS ARE AVAILABLE

not SB0 RHR SPRY
0. I. O.

3 3 7 8 $ SB0 EVENTS,
1 * 1 * 1 $ POVER RECOVERED PRIOR TO VESSEL FAILURE

SB0 PRIOR RV RilR SPRY $ SPRAYS ARE AVAILABLE
0. 1. ~0.

~

OT11ERVISE $ Sil0ULD NEVER GO THIS PATH
0. O. 1.

19 CONTAINHENT STEAM CONCENTRATION BEFORE RPV FAILURE - ST CONC
~

6 '0-15%' '15-25%' '25-35%' '35-45%' '45-55%' '> 55%'
2 1 2 3 4 5 6

11 . 2 - 1 4

_ .



- - - - - - _ - - _ _ _ _ _ _

i

1 18 $ DESIGN SFRAY OPERATION
2

SPRAY
1. O. O. O. O. O.

2 3 6 $ SB0 EVENT,

1 * 1 5 INJECTION FAILURE TIME: NO INJECTION
SB0 NO INJECT

1. O. 0. O. O. O.
~

2 3 6 $ SB0 EVENT,

1 * 2 $ INJECTION FAILURE TIME: RCIC
SB0 RCIC
0. .51 .49 0. O. O. -

2 3 6 $ SB0 EVENT,

1 * 3 $ INJECTION FAILURE TIME: 11PCS
SB0 llPCS
0. O. O. O. O. 1.

1 2 $ CONTAINHENT NOT INTACT AT CORE
2 $ DAMAGE

FAILED
0. O. O. O. O. 1.

OTHERVISE $ FOR ALL OTHER EVENTS

O- 1. O. O. O. O. O.

20 FRACTIO 14 ZIRCONIUM INVENTORY REACTED IN-VESSEL - H2 INV
~

3 '33%' '22%' '11%'
2 1 2 3

4

2 3 6 $ SB0 EVENT
1 * 1 $ INJECTION FAILURE TIME: NO INJECTION

-

SB0 NO INJECT
0. O. ~ 1.

2 3 6 $ SB0 EVENT
1 * 2 $ INJECTION FAILURE TIHE: RCIC

SB0 RCIC
0. .13 .87

2 3 6 $ SB0 EVENT
1 * 3 $ INJECTION FAILURE TIHE: ilPCS

SB0 ilFCS
0. O. 1.

OTilERVISE $ BOUND OTHERS VITil DISTRIBUTION
0. .13 .87 $ FOR SB0 VITil RCIC INJECTION FAILURE

21 SMALL liYDROCEN BURNS AT LOV 112 CONCENTRATION - SH_ BURN

O 2 'NO SHAL',/ 'SMALL BRN'
2 1 2 ~

~

6

H.2 - 15

- - _ - _ _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_

1

1 19 $ IF > 55% STEAH, THEN INERT
6

> 55%
1. O.

I 16 $ HYDROCEN IGNITION SYSTEM AVAILABLE
2

HIS ON
~

0 1.

2 3 16 $ NON-SB0 EVENT,
/1 * 1 $ ( AC POVER NEVER LOST),
not SB0 HIS OFF $ HYDROGEN IGNITION SYSTEH INOP

.25 .75

2 3 7 $ SB0 EVENT,
1 * 1 $ POVER RECOVERED PRIOR TO RPV FAILURE

SB0 PRIOR RV $ IGNITERS ASSUMED NOT AVAILABLE
.96 .0%

2 3 7 $ SB0 EVENT,
1 * /1 $ NO POVER RECOVERY PRIOR TO RPV FAILURE

SB0 not PRIOR _RV
1. O.

OTHERVISE $ SHOULD NEVER GO THIS PATH
1. O.

22 LARGE H2 BURN DURING CORE DAMAGE - LG,BRN
2 'NO BURN' 'LG BURN'

~ ~

4 1 2

19
1 2 $ CONTAINHENT FAILED PRIOR TO

2 $ CORE DAMAGE
FAILED

1. O.
'2

1 .15 .15 $ CONTAINS COND PROB 0F ANCHORAGE FAILURE
3 0. O.

1 21 $ SMALL BURN IGNITED
2

SHALL BRN
1. ~ 0.

2

1 0. O.
3 0. O.

1 19- $ IF > 55% STEAH, THEN INERT
6

> 55%
1. O.

1 .15 .15 $ CONTAINS COND PROB 0F ANCHORAGE FAILURE
3 0. O.

H.2 - 16 |
4

I

was



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

!
!

!

f
2 19' 20 S 0-15% STEAM ANDr

1 * 1 S 33% ZIt'C OXIDATION . 25.6% H2
0-15% - 33%

.

:
'

:

.5 .5
2

ll 0. 142.
3 0. 9.

2 19 20 $ 0-15% STEAM AND >

1 * 2 S 22% ZIRC OXIDATION 18.8% H2
0-15% 22% ;

' .5. .5
2 i

1 0. 98.
3 0. 6.

.

2 19 20- S 0-15% STEAM AND' .]
1 * 3 S 11% ZIRC OXIDATION = 10.5% H2 1

28
2

1. 0.- 42. :
'

3 0. 4.
'

-2 ~19- 20 S 15-25% STEAM AND

O 2- .* 1 S 33% ZIRC OXIDATION a 22.1% H2
15-25% 33%

.5- .5-
2

1 0. ~123. ,

3 0. . 14,
i

2 19 20 $ 15-25% STEAM AND
:2 * 2- S 22% ZIRC 0XIDATION 16.2% H2 '

15-25% 22%

.5 .5-
2-

1 0. 87.
3 0. :11.

2 19 -'20 S 15-25% STEAM AND
2 * 3 $ 11% ZIRC OXIDATION 9.0% H2

15-25% 11%

.72- .28
2.

1- 0. ~ 37,

3 0. 9.

2L 19 ' 20 $ 25-35% STEAM AND
3- *' 1 S 33% ZIRC.0XIDATION . 19.4% H2

- 25-35%'. - 33

2

1-

H.2 - 17.

o
l

' ~

,._,_.--..__.,,--..__&. . . , . _ , - - . _ _ _ _ _ _ _ -m. , - - - , , - - --

'

-



.

1 0. 113.
3 0. 20,

2 19 20 $ 25-35% STEAH AND
3 * 2 $ 22% ZIRC OXIDATION - 14.2% H2

25-35% 22%
.61 .39

2

1 0. 80.
3 0. 16,

2 19 20 $ 25-35% STEAM AND
3 * 3 $ 11% ZIRC OXIDATION - 7.9% H2

25-35% 11%
.75 .25

2

1 0. 36.
3 0. 13.

2 19 20 $ 35-45% STEAM AND
4 * 1 S 33% ZIRC OXIDATION - 16.6% H2

35-45% 33%
.56 .44

2

1 0. 104,

3 0. 27.

2 19 20 $ 35-45% STEAH AND '

4 * 2 S 22% ZIRC OXIDATION = 12.2% H2
35-45% 22%

.67 .33
2

1 0. -75.
3 0. 23.

2 19 20 $ 35-45% STEAM AND
4 * 3 $ 11% ZIRC OXIDATION = 6.8% H2

35-45% 11%

.77 .23
2

1 0. 37.
3 0. 19.

2 19 20 S 45-55% STEAM AND
5 * 1 $ 33% ZIRC OXIDATION = 13.8% H2

s-55% 33%

.61 .39
| 2
'

1 0. 98.
3 0. 37.

2 19 20 $ 45-55% STEAM AND
I 5 * 2 $ 22% ZIRC OXIDATION - 10.2% H2

45-55% 22%
,

H.2 - 18



-. . . . _ _ _ __ _ -_ _ _ _ . . _ _ . . _ . _ _ _ _ . _ . _ . _ . _ . . _ _ _

!
,

*

-( ) .72 .28

1 0. 76. !

3 0, 32. |
.

2 19 20 $ 45-55% STEAM AND
5 * 3 $ 11% ZIRC OXIDATION 5.7% H2

45-55% 11%

.77 .23
2 ,

1 0. 41.
3 0. 27.

OTilERVISE $ Sil00LD NEVER GO Tills PATH :

1. O.
2

1 0. O.
3 0. O.

,

23 112 DETONATION CONTAINHENT FAILURE - I!2_DET
'

2 'DET CF' 'N0'
2 'l~ 2

10
1 22 $ NO LARGE BURN IGNITED

1 .

NO BURNO! 5. i.-

3 19 19 19 $ IF > 35% STEAH,.
4 ( 5 + 6 $ TilEN INERT TO DETONATIONS .

'
-35-45% 45-55% > 55%

O. 1.

1 20 $ IF 11% ZIRC OXIDATION, THEN [112] < 12%^
.

$ DETONATIONS flAVE NEGLIGIBLE PROBABILTY3
11 %
- 0. 1.

$ STEAM CONC > 35% (HIGil),
'

$ 112 CONC 12 - 16 %, .

$ POVER RECOVERED PRIOR TO RPV FAILURE,
$ RilR IS AVAILABLE IN SPRAY MODE,
$ NO EARLY INJECTION FAILURE SINCE THE
$ STEAM CONC IS LOV FOR TilAT SEQUENCE

'6 19 20- 3 7 18 6

1 * 2 * .1 * 1 * 2 * /1
0-15% 22% SB0 PRIOR _RV SPRAY not N0_ INJECT

.022 .978

2 19 20 $ STEAM CONC < 35 % (LOV)
3 * 2 $ 112 CONC 12 - 16 %--

1

0

!!.2 - 19

- . . --.. _ .,_ . .._ _ _ _ _ _ . . ~ . .
- ._ _ __. . . _ . - . _ _ . . _ . _ . ., ,.



,

3 19 19 20 $ STEAM CONC < 35 % (LOV),
2) * 2 $ H2 CONC 16 - 20 %(1 '+

0-15% 15-25% 22%

.16 .84
1

$ STEAM CONC < 35 % HIGH
$ 112 CONC > 20%
$ 11 AC POVER LOST AND RECOVERED
$ PRIOR TO VESSEL FAILURE ;

$ AND RHR IS AVAILAELE IN SPRAY MODE |

$ NO EARLY INJECTION FAILURE SINCE THE
$ STEAM CONC IS LOV FOR THAT SEQUENCE

6 19 20 3 7 18 6

1 * 1 * 1 * 1 * 2 * /1
0-15% 33% SB0 PRIOR RV SPRAY not NO INJECT

~ ~

.025 .975

3 19 19 20 $ STEAM CONC < 35% (LOV)
2) * 1 $ 112 CONC > 20%(1 +

! 0-15% 15-25% 33%

.27 .73

2 19 20 $ STEAM CONC < 35 % (LOV)
3 * 1 $ H2 CONC 16 - 20 %

25-35% 33%

.16 .84
OTHERVISE $ S!!OULD NEVER REACil THIS CASE |h

0. 1.

24 CONTAINHENT PAILURE BEFORE RP7 FAILURE
2 ' FAILURE' 'NO FAILUR'
6 1 ~ 2

3
1 2 $ CONTAINHENT NOT INTACT AT CORE DAMAGE

2 $ IMPLIES STEAM OVER PRESSURE
FAILED $ PRIOR TO CORE DAMAGE

BU NPRES
HAX

GETHRESH 1 -1.
SET PROB 0F CNTHT FAILURE FOR FOR SLOV OP (FORCE FIRST BRANCH)

l' 23 $ 112 DETONATION CONTAINMENT FAILURE
1

DET CF
~

1 1

BURNPRES
MAX
GETHRESil 1 -1.

112 DETONATION -- FORCE FIRST BRANCH
OTHERVISE $ CONTAINHENT INTACT PRIOR CORE DAMAGE

1 1

BUR!! PRES

FUN-F, BURN

11 . 2 - 2 0



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

,

EQUAL 0O CALCULATE PROB 0F CNTFT FAILURE (ANY MODE) GIVEN EXPECTED BURN PRESSUl.E ,

25 MODE OF CONTAINMENT FAILURE BEFORE RPV FAILURE - V ER CF .
~ ~ '

2 ' ANCil0 RAGE' 'PN-D/NoCF'
6 .t 2

4 t

1 2 S CNIMT FAILED AT CORE DAMAGE INITIATION
2 $ EARLY SLOV OVER PRESSURE

FAILED $ IN TilIS CASE BURNPRES CONTAINS COND
1 1 S PROB 0F ANCHORAGE FAILURE (0.15)
BURNPRES

-

MAX
EQUAL 0

CNTHT NOT INTACT AT CORE DAMAGE INITIATION

1 23 $ !!2 DETONATION CONTAINHENT FAILURE
1

DET CF
~

1 1

BUPJ4 PRES

MAX
GETHRESH 1 1.E20

H2 DETONATION -- FORCE SECOND BRANCH

- 1 24 S CONTAINHENT NOT FAILED BY H2 BUPN
2

NO FAILUR '

l' 1

BURNPRES
MAX
GETHRESH 1 1.E20

NO FAILURE CASE -- FORCE-SECOND BRANCH
OTHERVISE $ CONTAINMENT FAILED BY 112 BURN

-1 1

BURNPRES
FUN-F MODE

~

EQUAL 0
GET MODE OF CONTAINMENT Fall URE

$
$
$ CET EVENT 3 INJECT & SPRAY FAILURE DUE TO CNTMT FAILURE BEFORE RPV FAILURE ***
$

$. INJ_FAL1
H $

$
26 CNTHT FAILURE BEFORE RPV FAILURE IMPACT ON ECCS INJECTION AND SPRAY PIPING

- PIPE, FAIL! $
_ 'FAILUR'| 2 'NO FAILUR'

'

-u - 2 1~ 2

2 ,

I

H.2 - 21

. , - -. . - - - . . . . . . . .- , . - . _ ~ , . - , . , _ . - - . - - -- ,- - - , .



--_

$ ANCHORAGE CNTHT FAILURE HODE, AND
$ EXCLUDE Tile SEOs VilERE CNTHT IS FAILED
$ AT CORE DAMAGE FOR SB0 & LOOP & OTHERS
$ SINCE Tile FDS ET -Li IllCEUDES TilIS

3 25 2 3

4)1 * (1 +

ANCHORAGE INTACT CRIT _ATVS
.1 .9

OTHERVISE $ - NOT ANCil0 RAGE CNTHT FAILURE H0DE
1. O.

27 CNTHT FAILURE BEFORE RPV FAILURE IMPACT ON ECCS INJECTION AND SPRAY HOTORS
$ ~ HTR-FAIL

2 'NO FAILUR' 'FAILUR'
2 1~ 2

3
$ CNTHT FAILURE. AND NO PIPING FAILURE
$ EXCLUDE Tile SEOs VilERE CNTHT IS FAILED
$ AT CD SINCE THE Li PDS FT INCLUDES THIS
$ FOR LOOP & SB0 AND OT!!ERS.

4 24 26 2 3

4)1 * 1 * (1 +

FAILURE NO FAILUR INTACT CRIT ATVS
.5

~

.5
-

2 9 5 $ CONTAINHENT VENT (OR NOT ISOLATED)
1 + 2

VENT NOT ISOL
~

.95 .05
OTilERVISE $ NO CF, NO VENTING AND NO LOSS ISOLATION

1. O.

28 CNTHT FAIL BEFORE RPV FAILURE STEAM & RADIATION RELEASE IMPACT ON FIREVATER
$ - STM/ RAD

2 'NO FAILUR' 'FAILUR'
2 1~ 2

3
$ CNTH1 FAILURE & NO PIPING FAILURE
$ EXCLUDE Tile SE0s VHERE CNTHT IS FAILED
$ AT CD SINCE THE Li PDS FT INCLUDES TilIS
$ FOR LOOP & SB0 AND OTHERS.

4- 24 26 2 3

4)1 * 1 * ( 1 +

FAILURE NO FAILUR INTACT CRIT ATVS
.5 .5

-~

2 9 5 $ CONTAINHENT VENTED (OR NOT ISOLATED)
21 +

VENTED NOT ISOL
~

.9 .1
OTHERVISE $ NO CF, NO VENTING AND NO LOSS ISOLATION

1. O.

29 INJECT & SPRAY FAILURE DUE TO CONTAINHENT FAILURE BEFORE RPV FAILURE

H.2 - 22
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i
i

:

INJ/SP FL~

S .

'HO FAILUR' 'INJ& SPY F'
-

-

~

.

2-

-

2- 1~ 2

3
1 26 $ PIPING FAILED ,

2

FAILUR
0. 1. ,

,

2 27 28 $ ECCS INJECTION MOTORS FAILURE,

2 * 2 $ ALTERNATE FIREVATER INJECT FAILURE -

FAILUR 'FAILUR
0. 1.

OTilERVISE $ ALL INJECTION NOT FAILED
1. O.

-$
$-

:$ CET EVENT 4 DRYVELL FAILURE AT/NEAR TIME RPV FAILURE ************** EARLY,DV
$
$
30 ALPilA H0DE STEAM EXPLOSION DRYVELL AND CONTAINMENT FAILURE ALPifA-

NO ALPliA'2 ' ALPHA' '

2 1 '2
2

. 1 -13: $ REACTOR VESSEL DEPRESSURIZED

O+ 1

LOV PREE ,

.D1 .99
-OTHERVISE $ REA 70R VESSEL NOT DEPRESSURIZED ;

.001 .999 ;

INV,EXPLN31 H0DE OF IN-VESSEL STFAH EXPLOSION BOTTOM !!EAD FAILURE -

2 1 2 3 -
$ HALL VF'4 ' ALPHA' 'NO-FAIL' 'LARGE VF8 '

~~

4
>

3
1 30 '$ ALPHA H0DE FALURE H,') OCCURED

,
,

1

ALPHA
1.- 0. O. O. ;

1 13 $ REACTOR VESSEL DEPRESSURIZED
' 1

;: 'LOV PRES

' . - 'S 0. .398 344 .258 $ 4551 GRAND. GULF l'S
~

.

l 0.- .94 .. 034 .026
OTilERVISE $ NO ALPilA FAILURE & RPV NOT DEPRESSURIZD

$f 0. .93 04 .03- - $ 4551 GRAND GULF #'S .

.

O. .993 004 .003.

AREA, FAIL
| 32 RPV FAILURE H0DE AND SIZE OF RPV FAILURE

-

SMALL VF'LARGE VF' ''

4 ' ALPHA' 'NO FAIL' '

. . .
- - -

'S

-

H.2 - 23

eit w wiwy-w g- --sq-v- y,y 9 w --+w rw,-y,+,yese- ,4-+g 'te--g-e-'M" t- -y -*d'-- - + - -'W ee1 *' tr-# F STc-'m' e- =3N'8



1 30 $ ALPHA H0DE FALURE HAS OCCURED

ALPIIA
1. O. O. O.

1 31 $ STEAH EXPLOSION CAUSES LARGE FAILURE
3

LARGE VF
~

0. 0. 1. O.

1 31 $ STEAM EXPLOS10N CAUSES SMALL FAILURE
4

SHALL VF
0.

~

0. O. 1.

2 15 29 $ CORE DEBRIS COOLED It' . VESSEL, 6
1 * 1 $ IN-VESSEL I!1JECTION !Gf FAILED:

COOL ItiV 110 FAILUR S TilEREFORE NO RPV FAILURE
~ ~

0. 1. O. O.

OTHERVISE $ CORE DEBRIS CAUSES LOVER RPV FAILURE
0, .0 .1 .9

33 VATER IN PEDESTAL AT RPV FAILURE - PED VATER
~

4 'FLD+IPJ' 'RPV+1NJ' 'FLD' 'RPV VTR'
2 1 2 3 I

$ LATE INJECTI'JN/ CAVITY VATER SUPPLY,
S INJECTION NOT FAILED BY EARLY CF,
$ LARGE CONTAINHENT H2 BURN OR SBO,
$ LATE LOSS OF NORM INJECTION CAUSES
$ VATER OVERFLOV INTO DV

5 12 29 22 3 6

(1 * 3))/2 * 1 * ( 2 +

not NO INJECT I10 FAILUR LG BURN SB0 HPCS
~ ~

1. 0.- O. 0.

$ LATE INJECT / CAVITY VATER SUPPLY FAILURE
$ AND LARGE CONTAINHENT H2 BURN, r- IB0
$ LOSS OF NORM INJECTION CAUSES
$ VATER OVERFLOV INTO DV

4- 29 22 3 6

2 * 2 + (1 * 3))
INJ&SPR F LG BURN SB0 HPCS

~

0.
~

0. 1. O.

$ LATE INJECTION / CAVITY VATER SUPPLY,
$ AND INJECTION NOT FAILED BY EARLY CF
$ - AND N0 VATER OVERFLOV INTO DV

2 12 29
/2 * 1

not NO INJECT NO FAILUR .

O.
~

1. ~ 0. O.
OTHERVISE $ RESIDUAL RV VATER ONLY

0. O. O. 1.

H.2 - 24
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i

m ;

. 34 PEDESTAL FAILURE DUE TO OVERPRES5URE AT RTV FAILURE - PED _0P'

2 ' PED FAIL' 'N0'
~

2 1 2

7

1 32 $ CORE DEBRIS COOLED IN-VESSEL
2 $ 1HERETORE NO RPV FAILURE OR PEDESTAL

NO FAIL $ FAILURE
6. 1.

3 13 33 33 $ RPV NOT DEPRESSURIZED AT VESSEL FAILURE I
f

3) $ /J10 VATTR IN PF.DESTAL FROM FLOODING(12 * +

HI PRES FLD+INJ FLD |

1. O. j

$ RPY NOT D* PRESSURIZED AT VESSEL FAILURE
$ NO VATER IN PEDESTAL FROM FLOODING |
$ AND LARGE RPV FAILURE i

-4 13 '33 33 32

4) * 32- * - (- 2 +

HI PRES-. RPV+INJ RV VTR LG VF i

~ ~ '

I. O.

$ RPV NOT DEPRESSURIZED AT VESSEL FAILURE
$ NO VATER IN PEDESTAL FROM FLOODING
$ AND SHALL RFV FAILURE

O 4 13 33 33 32

2. * (2 + 4) * 4

HI PRES RPV+INJ RPV VTR SH VF
~~

D. 1.

-$ RPV DEPRESSURIZED AT VESSEL FAILURE
$ VATEF IN PEDESTAL FROM FLOODING
$ AND LARGE RPV FAILURE

4 13 :33 33 32-
4 3 )- * 3=1. * (-1

LO PRES FLD+INJ- FLD LG_VF
I. - 0.

I 13 $.RPV DEPRESSURIZED AT VESSEL FAILURE
1- $ - ADDRESSES ALL OTHER SEQUENCES.

LO PRES"

5.- 1.
OTHERVISE $ SHOULD NEVER GO THIS PATHVAY

0, 1.

- STM EXP
35 PEDESTAL CAVITY STEAM EXPLOSTION ~

: 2 'STM EXP'- 'NO EXP'
~

2- 1 2
l- 41

if 1 .32- S DEBRIS COOLED IM-VESSEL
2 $ THEREFORE NO STM EXPLOSION

O. NO FAIL
6. 1.

H.2 - 25
o

- . _



2 33 33 $ NO VATER IN CAVITY PRIOR TO RPV FAILURE |
2 . + 4 $ THEREFORE NO STH EXPLOSION

RPV+INJ RPV VTR
0. 17

3 31 31 31 $ IN-VESSEL STEAM EXPLOSION FAILED VESSEL
4 S - THEN ASSUME LARGE EX-VESSEL STEAH1 + 3 +

ALPHA LARGE_VT SMALL_VF S EXPLOSION CANNOT OCCUR

0. 1.
OTHERVISE $ VATER IN CAVITY

'

.86 .14

36 PEDESTAL FAILURE DUE TO STEAH EXPLOSION - PED,EXP
2 ' PED FAIL' 'N0'

~

2 1 2

3

1 31 $ IN-VESSEL STEAM EXPLOSION CAUSED
3 $ LARGE BOTT0H HEAD FAILURE

LARGE VF
$ .5 .5 $ GRAND GULF 4551 t's

~

.05 .95

1 35 $ NO EX-VESSEL STEAM EXPLOSION
2

NO EXP
D. 1.

OTHERVISE $ EX-VESSEL STEAM EXPLOSION OCCURRED

$ .5 .5
.05 .95

37 DRYVELL FAILURE DUE TO PEDESTAL FAILURE - DV_ PED
2 'DV FAIL' 'N0'
2 I 2

2
2 34 36 $ PEDESTAL FAILURE HAS RESULTED FROM

i + 1 $ OTHER THAN AN ALPHA MODE FAILURE
PED FAIL PED FAIL

~

7175 .825
OTHERVISE S PEDESTAL FAILURE HAS NOT OCCURRED

0. 1.

18 UA74 ELL OVERPRESSURE FAILURE AT RTV FAILURE - DV_0P
2 'DV FAIL' 'N0'
2 1 2>

3
1 32 $ DEBRIS COOLED IN-VESSEL

2 $ TilEREFORE NO DV FAILURE
NO FAIL

6. 1.

? 13 32 $ HIGH PRESSURE SEQUENCE,

2 * 3 $ LARGE RPV FAILURE SIZE
er PEES LG_VF,

H.2 - 26
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|

.01 .99

h OTHERVISE
0, 1.

39 DRYVELL FAILS AT/NEAR TIME OF RPV FAILURE - EARLY DV
~

2 'DV FAIL' 'N0'
~~

2 2

3

1 32 $ DEBRIS COOLED IN-VESSEL
2 $ THERETORE NO VESSEL FAILURE

NO FAIL
D. 1.

3 30 37 3R $ ALPHA FAILURE, PEDESTAL FAILURE OR
1 $ OVERPRESSURE HAS FAILIED THE DRYVELL1 4 1 +

ALPHA DV FAIL DV FAIL
~ ~

1. 0.
OTHERVISE $ NO DRYVELL FAILURE

0. 1.

S

$

$ CET EVENT 5 MODE OF CONTAINMENT FAILURE AT/NEAR RPV FAILURE ********** CF_VB
$
$
40 CONTAINMENT STEAM CONCENTRATION AT/NEAR RPV FAILURE - ST VB

~

(] 6 '0-15%' '15-25%' '25-35%' '35-45%' '45-55%' ') 55%'
| 's> 2 1 2 3 4 5 6

1 18 $ DESIGN SPRAY COOLING 01ERATION
2

SPPAY
1. O. O. O. O. O.

2 3 6 $ SB0 EVENT,
1 * 1 $ INJECTION FAILURE TIME: NO INJECTION

SB0 NO INJECT
~

1. O. 0. O. O. O.

2 3 6 $ SB0 EVENT,
1 * 2 $ INJECTION FAILURE TIME: RCIC

SB0 RCIC
0, 44 .56 0. O. O.

2 3 6 $ SB0 EVENT,
1 * 3 $ INJECTION FAILURE TIME: HPCS

SB0 HPCS
0. O. O. O. O. 1,

1 2 $ CON ,INHENT FAILED AT CORE DAMAGE

2

feS FAILED
| () 0. O. O. O. O. 1.

OTHERVISE $ O'1HER NON-SB0 TYPE EVE!CS

H.2 - 27
|
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g1. O. O. O. O. O.

41 FRACTION ZIRCONIUM INVENTORY REACTED AT/NEAR RPV FAILURE - H2 VB
~

3 '33%' '22%' '11%'
1 2 3.

4

2 3 6 $ SB0 EVENT
1 * 1 $ INJECTION FAILURE TIMEt NO INJECTION

SB0 NO INJECT
~

0. O. 1.

2 3 6 $ SB0 EVENT
1 * 2 $ INJECTION FAILURE TIME: RCIC

SB0 RCIC
0. .31 .69

2 3 6 $ SB0 EVENT
1 * 3 $ INJECTION FAILURE TIME: HPCS

SB0 HPCS
0. .21 .79

OTHERVISE $ BOUND OTHERS VITil DISTRIBUTION
0. .31 .69 $ FOR SB0 VITil RCIC INJECTION FAILURE

42 HYDROGEN IGNITION SOURCES AVAILABLE AT/BEFORE RPV FAILURE - IG_SOURC
2 'NO IG SRC' 'IGNIT SRC'
2 1- 2

~ ~

h4

1 16 $ H2 IGNITORS AVAILABLE EARLY
2

HIS ON
~

0. 1.

$ HIS NOT AVAILABLE EARLY DUE TO HI
$ ( OPERATOR FAILS TO INITIATE HIS )
$ NO LOSS OF AC POVER, AND RECOVERY

3 16 3 3 $ OF HIS BEFORE CNTHT [H2) EXCEEDS
1 * /1 * /5 $ H2 DEFLAGRATION OVERPRESSURE LIMIT

HIS OFF not SB0 not SB0 6 LOOP
.1 .9

2 21 22 $ H2 BURN BEFORE RPV FAILURE
2 + 2

SHALL BRN LG BURN
0. ~

~

1.
OTHERVISE S NO CONTINUOUS IGNITION SOURCE AVAILABLE

1. O.

43 HIGH PRESSURE HELT EJECTION AT RPV FAILURE
2 'HPHE' 'NO HPHE'
2 1 - 2

3 g1 32 $ NO VESSEL FAILURE

N0_ FAIL

H.2 + 28
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O. 1.-

1 13 $ LOV RPV PRESSURE AT RPV FAILURE
1

'

LOV PRES
~

O. 1. i

OTHERVISE $ RPV FAILURE AT HICH PRESSURE
.8 .2

,

44 LARGE 112 BURN IGNITED AT/NEAR RPV FAILURE - LG BRN !

2 'NO_BRN_IG' 'LG BRN_10' .

i

4 7
48

1 42 $ CONTIHUOUS IGNITION SOURCE AVAILABLE >

2

IGNIT SRC
1. ~ 0.

2

2 0. O.
4 0. O.

1 40 $ IF > 55% STEAM 'I.lEN INERT ,.

6 ,'
y --,

O...

2

_0' 2 0. O.
4 0. O.

$ 0-15% STEAH AND :

$ 33% 21RC OXIDATION AT RPV FAIL '

$ AND DV FAILED OR AC POVER RECOVERED
$ (112 ] - 21. 7%

4 40 41 39 7

'l * 1 * (1 + 1)
0-15% '33% Q FAIL PRIOR _RV
0. 1.

2

2 0. 147. .

4 0. 13,

3 40 41 43 $ 0-15% STEAM AND
1- *~ 1 * 1 $ 33% ZIRC OXIDATION AT RPV FAIL

0-15% 33% HPHE $ AND HPME
.37 . 63 $ (H2) - 21.7%

2
2- O. 151.

-4 0. 17.

2 40 41= $ 0-15% STEAM AND
'

-1 * 1 $ 33% ZIRC OXIDATION AT RPV FAIL- i

) 0-15% 33% $ NO DV FAILURE, NO AC POWER, NO HPME
~

v .51 .49 $ [H2] 21.7%
' 2

-

.

H.2 - 29
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2 0. 147.
4 0. 13-

$ 15-25% STEAM AND
$ 33% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER RECOVERED
$ [H2| - 10.8%

4 40 41 39 7

1)(12 * 1 * +

15-25% 33% DV_ FAIL PPIOR RV
0. 1.

2
2 0, 131.
4 0. 20,

3 40 41 43 $ 15-25% STEAM AND
2 + 1 * 1 $ 33% ZIRC OX1DATION AT RPV FAIL

1$-25% 33% llPME $ AND HPHE
.37 .63 $ [H2j - 18.8%

2

2 0. 135,

4 0. 24,

2 40 41 $ 15-25% STEAM AND
2 * 1 $ 33% ZIRC OXIDATION AT RPV FAIL

15-25% 33% $ NO DV FAILURE, NO AC POVER, NO AIPME
.51 .49 $ (H2) - 18.8% g
2 0. 131.
4 0. 20.

$ 25-35% STEAM AND
$ 33% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER RECOVERZD
S [H2] - 16.4%

4 40 41 39 7

1)3 * 1 * (1 +

25-35% 33% DV FAIL PRIOR RV
0. 1.

~~

2

2 0. 120.
4 0. 26.

3 40 41 43 $ 25-35% STEAM AND
3 * 1 * 1 $ 33% ZIRC OXIDATION AT RPV FAIL

25-35% 33% HPHE $ AND HPME
.37 .63 $ [E2] - 16.4%

2

2 0, 124,
4 0. 30.

2 40 $ 25-35% STEAM AND.

3 * I $ 33% ZIRC 0XIDATION AT RPV FAIL
25-35% 33% $ NO DV FAILURE, NO AC POUER, NO IIPME

H.2 - 30
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i

.

/''T .51 .49 $ (H2) - 16.4% '

- \J 2 '

2 0. 120.
4 0. 26.

$ 35-45% STEAM AND
$ 33% Z1RC OXIDATION AT RPV FAIL

'
$ AND DV FAILED OR AC POVER RECOVERED
S (H2) = 14.1%

4 40 41 39 7
*

1)4 * 1 * (1 4

35-45% 33% DV, FAIL PRIOR,RV
O. 1.

,

2

2 0. 113. :
4 0. 35,

3 40 41 43 $ 35-45% STEAM AND
4 * 1 * 1 $ 33% ZIRC OXIDATION AT RPV FAIL '

35-45% 33% HPHE $ AND HPHE
.44 .56 $ (H2) -_14.1%

2

2 0. 117.
4 0.- 39.

,

2 40 41 $ 35-45% STEAM AND7-~g
4 * 1 $ 33% ZIRC OXIDA^' AT RPV FAIL( j

35-45% 33% $ NO DV FAILURE, .C POVER, N0 HPHE '

.62 .30 $ [H2) . 14.1%
2

2 0. 113.
4 0. 35. ,

S 45-55% STEAM AND ;

$ 33% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER REC 0VERED .;

!

$ [H2) - 11.7%
4 40 41 39 7

1)5 * 1 * (1 +

45-55% 33% DV, FAIL PRIOR,RV
0. 1. _

2 0. 109,
4 0. 46. ,

3 40 41 43 $ 45-55% STEAM AND
1 $ 33% ZIRC OXIDATION AT RPV FAIL5 * L1 *

45-55% 33% HPHE $ AND HFHE
.57 .43 $ [H2] = 11.7%

2

2 0. 113.
/' 4 0, 50.\ )l

.

,

2 40 41 $ 45-S$% STEAH AND

.-

H.2-- 31

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



_ _ _ _ _ _ .___ - __ _ _

5 a 1 $ 33t ZIRC OXIDATION lit RPV FAIL
45-55% 33% S NO -1 FAILURE,140 AC POVER, NO HPHE

.72 .28 $ [H2j 11.7%
2

2 0. 109.
4 0. 46.

$ 0-15% STEAM AND
$ 22% ZIRC OXIDATION AT RTV FAIL
$ AND DV FAILED OR AC POVER RECOVERED
$ lil2] .15.7%

4 40 41 39 7

(1 1)1 + 2 * 4

0-15% 22% DV ,FA11, TRIOR,BV
0. 1.

2
2 0. 104,

4 0. 11.

3 40 41 43 $ 0-15% STEAM AND
1 * 2 * 1 S 22% ZIRC OXIDATIO!1 AT RPV FAIL

0-15% 22% HTHE $ AND HPHE
.44 .56 S [112] - 15.7%

2

2 0. 108.
4 0. 15.

2 40 41 S 0-15% STEAH AND
1 * 2 S 22% ZIRC OXIDATION AT RPV FAIL

0-15% 22% $ NO DV FAILURE, NO AC POVER, NO HPHE $
.62 .38 $ lil2| 15.7%

2

2 0. 104.
4 0. 11.

$ 15-25% STEAM AND
$ 22% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER RECOVERED
$ [112) 13.6%

4 40 41 39 7

1)2 * 2 * (1 +

15-25% 22% 0.'_ TAI L PRIOR _RV
0, 1.

2

2 0. 94.3
4 0, 17.

3 40 41 43 $ 15-25% STEAM AND
2 * 2 * 1 $ 22% ZIRC OXIDATION AT RPV FAIL

15-25% 22% HPHE S AND llPHE
; ,44 .56 $ [H2J - 13.6%
1 2 -

| 2 0. 98.3
l 4 0. 21.

I 11 . 2 - 3 2

i



a,

\(

f~

l ) 2 40 41 $ 15-25% STEAM AND
~

2 * 2 $ 22% ZIRC OXIDATION AT RPV FAIL''

15-25% 22% $ NO DV FAILURE, NO AC POVER, M0 HPME $
.62 .38 $ [H2] - 13.6%

2.

2 0. 94.3
4 0, 17.

$ 25 35% STEAM AND
$ 22% ZIRC OX1DATION AT RPV FAIL
$ AND DV TAILED OR AC POVER RECOVERED
$ [H2] = 11.9%

4 40 41 39 7

1)3 * 2 * (1 +

25-35% 22% DV_ FAIL PRICR_RV
0. 1.

2

2 0. 83.3
4 0. 23,

3 40 41 43 $ 25-35% STEAM AND
3 * 2 * 1 $ 22% ZIRC OXIDATION AT RPV FAIL

25-35% 22% HPME $ A."D HPHE
.57 .43 $ [H2] = 11.9%

2
/ ') 2 0. 87.3
N/ 4 0. 27.

2 40 41 $ 25-35% STEAM AND
3 * 2 $ 22% ZIRC OXIDATION AT RPV FAIL

25-35% 22% $ NO DV FAILURE, NO AC POVER, NO HPHE
.72 .28 $ [H2] = 11.9%

2

2 0. 83.3
4 0. 23.

$ 35-45% STEAM AND
$ 22% ZIRC OXIDATION AT RPV FAIL
$ AND CU FAILED OR AC POVER RECOVERFD
$ [H2] - 10.2%

4 40 41 39 7

1)4 * * (1 +

35-45% DV_LAIL PRIOR _RV
0. 1.

2
2 0. 80.8
4 6. 31.

3 40 41 43 $ 35-45% STEAM AND
4 * 2 * 1 $ 22% ZIRC OXIDATION AT RPV FAIL

35-45% 22% HPME $ AND HPME

k$k .57 .43 $ [H2] - 10.2%i

2

H.2 - 33



2 0. 84.8 g
4 0. 35. T

2 40 41 $ 35-45% STEAM AND
4 * 2 $ 22% ZIRC OXIDATION AT RPV FAIL

35-45% 22% $ NO DV FAILURE, NO AC POVER, N0 HPME
.72 .28 $ [H2] - 10.2%

2
2 0. 80.8
4 0. 31.

$ 45-55% STEAM AND
$ 22% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER RECOVERED
$ [H2] - 8.5%

4 40 41 39 7

1)5 * 2 * (1 +

45-55% 22% DV_ FAIL PRIOR _RV
0. 1.

2

2 0. 80.8
4 0. 41.

3 40 41 43 $ 45-55% STEAM AND
5 * 2 * 1 $ 22% ZIRC OXIDATION AT RPV FAIL

45-55% 22% HPME $ AND HPME
.57 .43 $ [H2] = 8.5%

2 0. 84.8
0. 45,

2 40 41 $ 45-55% STEAM AND
5 * 2 $ 22% ZIRC OXIDATION AT RPV FAIL

45-55% 22% $ NO DV FAILURE, NO AC POVER, NO HPHE
.72 .28 $ [H2] = 8.5%

2

2 0. 80.8
4 0. 41.

$ 0-15% STEAM AND
$ 11% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER RECOVERED
$ [H2) = 8.6%

4 40 41 39 7

1)1 * 5 * ( 1 +

0-1.5% 11% DV_ FAIL PRIOR _RV
0. 1.

,

2 0. 38.2
4 0. 8.4

3 40 41 43 $ 0-15% STEAM AND
1 * 3 * 1 $ 11% ZIRC OXIDATION AT RPV FAIL

0-15% 11% HPHE $ AND HPME

H.2 - 34
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< .("T - .57. .43 $ [H2].- 8.6%
~ (VJ --

2-

21 0.- 42.2
4 0. 12.4

:2 :40 41- $ 0-15% STEAM-AND
1 -* 3 $ 11% ZIRC OXIDATION AT RPV FAIL

0-15% 11% $ NO DV FAILURE, NO AC POVER, N0 HPHE.
.73 .28 $ (H2] = 8.6%

2

2 0. -38.2
' 4 0. 8.4

$ 15-25% STEAM AND
$ 11% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER RECOVERED >

$ [H2] = 7.4%
4 40 41 39 7

1)2 * _3 * (1 +

15-25% 11% DV_ FAIL PRIOR _RV
'

O. 1.
2 .

2 0. 36.2
4 0. . 114.

3 40~ '41 43 $ 15-25% STEAM AND

_() 2 * 3 * 1 $ 11% ZIRC OXIDATION AT RPV FAIL
15-25% 11% HPHE $ AND HPHE

.71- .29 $ [H2] = 7.4%
2

2. O. 40.2
4 0, 18.

2 40 41 $ 15-25% STEAM'AND
_2- * 3 $-11% ZIRC OXIDATION AT RPV FAIL

:15-25%- 11% $ NO DV FAILURE, NO AC POVER, NO HPHE
.79 .21 $ [H2] = 7.4%

L2
2 0. 36.2
4- O. 14.

$ 25-35% STEAM AND
$ 11% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POWER RECOVERED

__ _ $ [H2]_= 6'.5%
-4 40- 41 39 '7

1 ).(1-3 * '3J * +

25-35% 11% DV FAIL PRIOR RV
1.

-'~

:g - 0.
2 0. 37.3

~(}_ 4 0.- 19.;

-3 -40 41 43 $ 25-35% STEAM AND

L

H.2 - 35
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| 3 * 3 * 1 $ 11% ZIRC OXIDATION Ai RPV FAIL
25-35% 11% HPHE $.AND HPHE

.71 .29 $ [H2) - 6.5%
2

2 0, 41.3
4 0. 23.

2 40 41 $ 25-35% STF.AH AND

3 * 3 $ 11% ZIRC OXIDATION AT RPV FAIL
25-35% 11% $ NO DV FAILURE, NO AC POVER, NO HPHE

.79 .21 $ [112 ) - 6.5%
2

1 0, 37.3
4 0. 19.

$ 35-45% STEAM AND
$ 11% ZIRC OXIDATION AT RPV FAIL
$ AND DV FAILED OR AC POVER RECOVERED
$ [H21 - 5.6%

4 40 41 39 7

1)4 * 3 * (1 +

35-45% 11% OV_ FAIL PRIOR _RV
0. 1.

2

2 0. 40.8
4 0, 27.

3 40 41 43 $ 35 45% STEAM AND
4 * 3 * 1 $ 11% ZIRC OXIDATION AT RPV FAIL

35-45% 11% HPHE $ AND HPHE
.71 .29 $ [H2] . 5.6%

2
2 0. 44.8
4 0. 31.

2 40 41 $ 35-45% STEAM AND
4 * 3 $ 11% ZIRC OXIDATION AT RPV FAIL

35-45% 11% $ NO DV FAILURE, NO AC POVER, NO HPHE

.79 .21 $ 1H21 - 5.6%
2

2 0. 40.8
4 0. 27.

$ 45-55% STEAM AN9
$ 11% ZIRC OXIDATION AT RPV F/.IL
$ AND DV FAILED OR AC POVER RECOVERED
$ (H2) - 4.6%

4 40 41 39 7

1)(15 * 3 * +

45-55% 11% DV_ FAIL PRIOR _RV
0. 1.

h
2 0. 46.1
4 0. 36.

11 . 2 - 3 6
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- )1 3 40' 41 43 $ 45-55% STEAM AND:( .

5 * 3 * 1 $ 11% ZIRC OXIDATION AT RPV FAIL
-45-55%; 11% HPME $ AND HPHE

.71 .29 -$ [H2] . 4.6%
2

2 0, 50.1 '

4 0. 40.
.

2---40 41 $ 45-55% STEAM AND
5 * 3 $ 11% ZIRC OXIDATION AT RPV FAIL

.- 45-55% 11% $ NO DV FAILURE, NO AC POVER, NO HPME
,79 .21 $ [H2] = 4.6%

2 .
0. 46.12

4- 0. 36.
OTHERVISE $ SHOULD NEVER GO THIT PATH

1. O.
2 --

2 0. O.
4 0. O.

45- CONTAINHENT FAILURE DUE TO H2 DETONATION AT/NEAR RPV FAILURE - H2_DET
'2 'DET CF' 'N0'

~

2 1 2
-. . 19-
-j b 1. 44 -$ NO LARGE BURN IGNITED

V 1

NO BRN IG
07

~

1.

! 3 40! 40' 40 $ IF > 35% STEAM TETN INERT TO
.4- + . 5 + 6 $ DETONATIONS

35-45% -45-55%- > 55%
0. 1.

S >:33% ZIRC OXIDATION
$-(> 20% H2-CONC) AND-
S HIGH STEAM (POWER RECOV + SPRAY)
$ NO EARLY INJECTION FAILURE SINCE THE
S STEAM CONC IS 7 0V FOR THAT SEQUENCEl

l' 5 41 3 7 18 6

1 * 1 * 1 * 2 * /1-
L33% SB0 PRIOR _RV SPRAY Jnot N0_ INJECT

.025 .975- ,

f 2- 4d 41 $ ) 33% ZIRC.0XIDATION
l' * 1 $ (> 20% H2 CONC).AND

0-15% 33% $ LOV STEAM
,

.27 .73

' [('' 1 3 40 40 41 $ > 33% ZIRC 0XIDATION
3 ). * 1 $ ( 16-20% H2 CONC) AND

= ('2 +

15-25% 25-35% 33% $ LOV STEAM

H.2 - 37
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.16 .84

9
1 41 $ 11% ZIRC OXIDATION

3 $ (<12% H2 CONC)
11%
0. 1.

$ 22% ZIRC OXIDATION
$ ( 12 - 16% [H2] ), AND HI STEAM
$ (POVER VITH SPRAY MODE) NO EARLY INJECT
S FAILURE SINCE [ST) IS LOV

5- 41 3 7 18 6

2 * 1 * 1 * 2 * /1
22% SB0 PRIOR RV SPRAY not NO INJECT

.022 .978
~ ~

3 40 40 41 S 22% ZIRC OXIDATION
3) * 2 S (12-16% [H2]), AND LOV STEAM(2 +

15-25% 25-35% 22%

0. 1.

2 40 41 $ 22% ZIRC OXIDATION
-1 * 2 $ (16-20% [H21), AND LOV STEAM
0-15% 22%

.16 .84
OTHERVISE $ SHOULD NEVER REACH THIS CASE

0. 1.0

^.
46 CONTAIMENT FAILURE AT/NEAR RPV FAILURE

2 ' FAILURE' 'N0 FAILUR'
6 1 - 2

3

1 30 $ ALPHA MODE FAILURE
1

ALPHA
1 2

BURNPRES
MAX
GETHRESH 1 -1.

ALPHA (FORCE FIRST BRANCH)

1- 45 $ DETONATION FAILURE
1

DET CFs

1- 2

BURNPRES
MAX
GETHRESH 1 -1.

DETONATION (FORCE FIRST BRANCH)
OTHERVISE

1 2
BURNPRES

FUN-F BURN
EQUAL- 0

H.2 - 38



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

tu

rO CALCULATE. PROB-OF CONT FAILURE (ANY MODE) GIVEN BURN PRESSURE-
() ;

. 47 HODE'0F CONTAIMENT FAILURE AT/NEAR RPV FAILURE. - CF,VB
_

2 ' ANCHORAGE' 'PN-D/NoCF'
6- 1- 2

3
1. 461. $ CNTMT NOT FAILED BY ALPHA OR-H2 BURN

9 -2
NO FAILUR-

11 2

BURNPRES
HAX

GETHRESH 1 1.E20
NO FAILURE CASE

2 45- 30 $ DETONATION OR ALPHA H0DE
1 + 1 S FAILURE OF CONTAINMENT

DET CF ALPHA
1 2

BURNPRES
! MAX

L GETHRESH 1 1.E20
H2 DETONATION OR ALPHA MODE FAILURE -- FORCE SECOND BRANCH I

'

OTHERVISE |
1 2

BURNPRESp_
f FUN-F HODE-.

EQUAL 0
GET MODE OF CONTAINMENT FAILURE |

..

|

- S
$ CET EVENT 6 POOL BYPASS BEFORE/NEAR RPV FAILURE ******************* PB,EARLY
$-

- 3
48 -DRYVELL FAILURE.DUE TO CONTAINMENT H2 BURN BEFORE/NEAR RPV FAILURE - H2 BURN

2 'DV FAIL'- 'NO DV FL'
~ ~

6- 1 ~ 2
3-

1 -22 $ LARGE BURN IN CNTMT BEFORE RPV FAILURE
! 2
| LG BURN

7 ~1 3

BURNPRES CNTNT PRESSURE
FUN-DVDELP

! EQUAL 0
-PROB 0F CNTHT BURN FAILING DRYVELL

1 44 $ LARGE BURN IN CNTMT AT RPV FAILURE,

- - 2-

' b LG BRN IG!

D- Y ~ 2 4

BURNPRES CONT PRESSURE

H.2 - 39
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FUN-DVDELP
EQUAL 0

PROB 0F CNTHT BURN FAILING DAYVELL
OTHERVISE $ NO LARGE BURNS IN CNTMT BEFORE/AT/

2 2 4 $ NEAR RPV FAILURE
BURNPRES CNTMT PRESSURE
MAX
GETHRESH 1 1.E20

NO CNTHT H2 BURN (FORCE SECOND BRANCH)

49 POOL BYPASS BEFORE/NEAR RPV FAILURE - POOL _BYP |
2 ' POOL BP' 'N0 PL BP'
2 I

~

~2
5 l

1 39 $ DRYVELL FAILURE BY PROCESSES INSIDE DV
1 )

DV FAIL
T. O.

1 48 $ DRYVELL FAILURE BY CNTHT H2 BURN
1

DV FAIL
T. O.

2 25 47 $ POOL BYPASS BY CONTAINMENT
1 + 1 S ANCHORAGE FAILURE

ANCHORAGE ANCHORAGE
1. O.

$ VACUUM BREAKERS FAILING OPEN FOR
$ SEQUENCES VITH AC POVER (HENCE
$ VB ISO VALVES ARE OPEN
$ AND LARGE H2 BURN OCCURS IN CNTMT

8 22 44 3 3 3 3 3 7

5) * 1)(16)+ 4 +2) * (( 3(2 +++

LG_ BURN LG_BRN OTHER_ TYPES CRIT _ATVS OTHERS SB0 LOOP _&_SB0 PRIOR _RV

OTHERVISE $ BYPASS FOR SEQUENCES VITH VB ISOLATED
.0001 .9999

$
$
$ CET EVENT 7 INJECT & SPRAY FAILURE DUE TO CNTMT FAIL BEFORE/NEAR RPV FAILURE

: $ -INJ/FAL2
$
$
$
50 CNTMT FAILURE AT/NEAR RPV FAILURE IMPACT ON ECCS INJECTION AND SPRAY PIPING
$ - PIPE _FAL

2 'NO FAILUR' 'FAILUR'
2 I 2

1 47 $ ANCHORACE CNTHT FAILURE
1
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-Q.! ANCHORAGE'

V .1 .9
OTHERVISE $ NOT ANCHORAGE

1.. O.

51 - CNTHT FAILURE AT/NEAR RPV FAILURE IMPACT ON ECCS INJECTION AND SPRAY HOTORS
$ .

- HTR FAIL
~

2 'NO FAILUR' 'FAILUR'-
2 I 2

2
2 46 50 $ CNTMT FAILURE AND NO PIPING FAILURE .

1- * 1

FAILURE NO FAILUR
~

.5 .5
OTHERVISE $ NO CNTHT FAILURE

1. O.

52 CNTMT FAIL AT/NEAR RPV FAILURE STEAM / RADIATION RELEASE IMPACT ON FIREVATER
$ - STM/ RAD

2 'NO FAILUR' 'FAILUR'
2 I 2

2
2 46 50 $ CNTMT FAILURE AND NO PIPING FAILURE 1

1. * 1

FAILURE- NO FAILUR
" - .5 ~5.

--'( | OTHER ISE- $ NO CNTHT FAILURE

53 INJECT & SPRAY FAILURE DUE TO CNTMT FAILURE AT/NEAR RPV FAILURE
$_ - INJ/SP FL

~

2 *NO FAILUR' 'INJ& SPY F'
2- I- -2

3
1 50 $ ECCS INJ'& SPRAY PIPING FAILURE DUE TO

2 $ CNTMT FAILURE AT/NEAR RPV FAILURE
FAILUR

0. 1.

2 51 -52 $ ECCS INJECTION & SPRAY MOTORS FAILURE,
2 * 2 $ AND FIREVATER INJECTION FAILURE

FAILUR FAILUR
0- 1.

-0THERVISE $ ALL INJECT NOT FAILED AT/NEAR
1. O. $ RPV FAILURE-

$
:$
-$ CET EVENT 8 PEDESTAL FAILURE DUE TO CCI **************************** PED FAL~

$
$

/ ' 54- TYPE OF DEBRIS CONCRETE INTERACTIONS - CCI TYPE

4 ' DRY-CCI' ' FAST-VET' 'SLOV-WET' 'NO-CCI'

H.2 - 41
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2 1 2 3

11
$ NO VESSEL FAILURE

2

NO FAIL
6. O. O. 1.

3 33- 33 53 $ NO VATER IN CAVITY NEAR TO RPV FAILURE
(2 * 2) $ DUE TO ONLY RPV VATER OR SUBSEQUENY4 +

RPV VTR RPV+1NJ INJ& SPY F $ FAILURE OF RPV+INJ DUE TO CNTHT FAILUR
17 0. O. ~ 0.

$ VATER IN CAVITY AT RPV FAILURE
$ NO INJECTION TO CAVITY OR INJ FAILURE
$ NEAR RPV FAILURE DUE TO CNTMT FAILURE
$ fPHE

4 33 33 53 43

(1 * 2)) * 1(3 +

FLD FLD+INJ INJ&SPR I HPHE

0. .175 .4875 .3375

S VATER IN CAVITY Af RPV FAILURE'

$ NO INJECTION TO CAVITY OR INJ FAILURE
$ NEAR RPV FAILURE DUE TO CNTHT FAILURE
$ NO HPHE - LARGE HOLTEN HASS

5 33 33 53 43 14
* 2 * 1(1 * 2))(3 +

FLD FL9+INJ XNJ6SPF, F NO HPHE 14 DEB

0. .28 .45 .24
~~

$ VATER IN CAVITY PRIOR RPV FAILURE
$ NO INJECTION TO CAVITY OR INJ FAILS
$ AT RPV FAILURE DOE TO CONT FAILURE
$ N0 HPHE - SHALL HOLTEN HASS

5 33 33 53 43 14

{3+ _ (1 * 2)) * 2 * 2

FLD FLD+INJ INJ& SPA F NO HPHE SH DEB

0. .28 45 .24~
~

3 33 -53 43 $ NO VATER 'N CAVITY AT RPV FAILURE
(2 * 1) * 1 $ CONTINUOUS INJECTION TO CAVITY

,

RPV+INJ NO FAILUR HPME 3 AND HPHE
0. 7315 .4775 .2075

3 33 53 43 $ NO VATER IN CAVITY AT RPV FAILURE
-( 2 * 1) * 2 $ CONTINUOUS INJECTION TO CAVITY

RPV+INJ NO FAILUR NO HPHE $ AND NO HPHE
0. 73375 T475 .1875

3 33 53 43 $ VATER IN CAVITY AT RPV FAILURS
(1 * 1) * 1 $ CONTINUOUS INJECTION TO CAVITY
FLD+INJ NO FAILUR HFHE $ AND HPHE OCCURS
0. 7175 .4875 .3375

H.2 - 42
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fl $ VATER IN CAVITY AT RPV FAILURE
L/ S CONTINUOUS INJECTION TO CAVITY

$ NO HPHE & LARGE HOLTEN MASS
: 4- 33 53 43. 14

(-1 * 1) *- 2 * 1

FLD4INJ NO FAILUR N0 HPHE LG DEB

0.- - .28 .48 .24 -
,

!

$ VATER IN CAVITY AT RPV FAILURE
$ CONTINUOUS INJECTION TO CAVITY
$ N0 HPHE & SMALL HOLTEN MASS

4 33 53 43 14

(I_ * 1) * 2 * 2
.

FLD+INJ NO FAILUR NO HPHE SH DEB
~

0. .28 .iB .24
~

OTHERVISE $ SHOULD NEVER TAKE THIS PATH-
1. O. 0. O.

55 PEDESTAL FAILURE DUE TO CORE DEBRIS CONCRETE INTERACTION - PED FAIL
'3-'AT VB'- 'AFTER VB; 'NO FAILtfR'
2 I 2 ~ 3

~

7.
2 39 48 $ DRYVELL FAILURE BY PROCESSES INSIDE DV

1 S 09. BY H2 BURN IN CONTAINHENT1 +

DV FAIL DV FAIL
~

T. O. 0.

! 1:-32 $ NO VESSEL FAILURE*

| 2

N0_ FAIL1

-0. O. 1.

1 -54- $ DRY CCI
1

DRY-CCI
-0. .43 .57

12 54 $ FAST VET CCI
2

FAST-VET
0. . 2 9 -- .71

I

L 1 54 $ SLOV VET CCI
3

SLOV VET
-0.~ .25 .75.

1 54 S No CCI
4

l' NO CCI.
| 6. O.- 1.

. 7_ ) 1 OTHERVISE S SHOULD NEVER GO THIS' PATH
-t

-M -0. 'O. 1.'

H.2 - 43
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$ CET EVENT 9 HODE OF LATE CONTAINMENT FAI LURE * * * * * * * * * * * * * * * * * * * * * * CF-LATE
$ ,

$
56 MODE OF RHR SPRAY OPERATION LATE - DE_ INERT

3 'CONTROLD' ' SPRAY ' 'NO SPRAY'
2 1 2 ~3

5
1 8 $ RHR SPRAYS NOT AVAILABLE

/1
not RHR SPRY

0.
~

0. 1.

2 3 8 $ IF AC POVER NEVER LOST AND
/1 * 1 $ RHR SPRAY AVAIABLE

not SB0 RHR SPRY
.0 I. 0

3 3 7 8 $ IF AC POVER LOST AND RECCVERED
1 * 1 * 1 $ BEFORE RPV FAILURE AND

SB0 PRIOR RV RHR SPRY $ RHR SPRAY AVAILBLE
0. 17 ~0.

3 3 7 8 $ IF AC POVER LOST AND RECOVERED
1 * 2 * 1 $ BEFORE CNTHT THRESHOLD LIMIT AND

SB0 CNTHT LIM RHR S'.'I.Y $ RHR SPRAY AVAILABLE
0. T. ~0.

OTHERVISE $ SHOULD NEVER GO THIS VAY
0. O. 1.

57 HYDROGEN IGNITION SOURCES AVAILABLE LATE - IG_SOURC

2 'NO SOURCE' 'IGN SOURC'
2 1 ~ 2 ~

5
1 16 $ IGNITORS AVAILABLE EARLY

2

HIS ON
O! 1.

$ HIS NOT AVAILABLE EARLY DUE TO HI
$ ( OPE".ATOR FAILS TO INITIATE HIS ) i

$ NO LOSS OF AC POVER, AND RECOVERY

3 16 3 3 $ OF HIS BEFORE CNTHT [H2] EXCEEDS
1 * /1 * /5 $ H2 DEFLAGRATION OVERPRESSURE LIMIT

HIS OFF not SB0 not SB0 & LOOP-~

T1- .9

2 3 7 $ LOSS OF AC POVER AND
1 * 1 $ POWER RECOVERY FRIOR PRIOR RPV FAILURE

SB0 PRIOR RV
.5 .3

$ 0. 1. $ SENSITIVITY FOR HIS BACKUP POVER

H.2 44
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. /7' 2 3- 7 $ LOSS OF AC POVER A!;D

L'y/ 1 * 2 $ POVER RECOVERY _ PRIOR CONTAINHENT LINIT
SB0 CNTHT_LIH

$ : 0. - 1. $ SENSITIVITY FOR HIS BACKUP POVER
~1. O.

OTHERVISE $ LOSS OF'AC POVER HO RECOVERY
1. O.

-$ 0. 1.- $ SENSITIt'ITY FOR HIS BACKUP POWER -

58 CONTAINHENT STEAM CONCENTRATION- L%TE - ST CONC
~

'> 55%'45-55%'6 '0-15%' '15-25%' '25-35%' 'I5-45%' '

2 1 2 3 4 5 6

$ VJC REV 21APR1992 START
7.
1 56 $ DESIGN SPRAY OPERATION

2

SPRAY
1.- 0. O. O. O. O.

1- 5 $ BOUNDED BY SB0 VITH INJECT FAILURE
2 S AND NO LATE INJECTION

NOT ISOL
.Y5 .75 .00 .00 0. O.

2 3 6 $ SB0 EVENT

i SB0 N0_It1 JECT
' ' -- .99 .01- 0. O. O. O.

,

2 ~3: 6- S SB0 EVENT
1 * 2 $ INJECTION FAILURE TIME: RCIC

SB0 RCIC
0. . 0.- .29 .71 0. - O.

-2- 3 6 $ SB0 EVENT'

1 * 3- S INJECTION FAILURE TIME: HPCS
SB0 HPCS
0. O. O. O. O. 1.

1 2- $ CONTAINMENT-FAILED AT CORE DAMAGE
2

FAILED
0. O. O. O. O. 1.

OTHERVISE $ NON-SB0 TRANSIENTS WITH INTACT CNTHT
1. - 0. O. O. 'O. O.

59 H2 COMBUSTION BEFORE/AT RPV FAILURE - BURN _B4'
2= 'EARLY BRN' 'NO ERLY B'
2- 1 ~2

~~

- 3 44' 22 21 $ SHALL OR LARGE BURN EARLY
n' O - 2 + -2 4 2

A1 LG BRN IG LG BURN SHALL BRN
1. O.

g

i.
H.2 - 45
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OTHERVISE,

60 CONTAINMENT H2 CONCENTRATION LATE - H2_ CONC
6 '< 4 %' '4-8 %' '8-12 %' '12-16 %' '16-20 %' ' > .?0 %'
2 1 ? 3 4 5 6

24
2 59 54 S H2 BURN EARLY

1 * 4 $ NO CCI
EARLY BRN NO CCI

.5~ .5 - 0. O. O. O.

2 59 54 $ H2 BURN EARLY
1 * 3 $ SLOV_ VET CCI

EARLY_BRN SLOV-VET
,

.1 .25 .3 .25 .1 0.'

2 59 54 $ H2 BURN EARLY
1 * 2 $ FAST _ VET CCI

EARLY BRN FAST-VET
0. ~ .1 .2 .35 .35 0.

$ H2 BURN EARLY, DRY CCI, NO SPRAY
$ SB0 VITH NO INJECTION

5 59 54 56 3 6

1 * 1 * 3 * 1 * 1

EARLY BRN DRY-CCI NO SPRAY SB0 NO INJECT
0. ~ .35 .07

~

.06 .06 .46 -

$ H2 BURN EARLY, DRY CCI, NO SPRAY
$ SB0 VITH RCIC FAILURE

5 59 54 56 3 6

1 * 1 * 3 * 1 * 2

EARLY BRN DRY-CCI NO SPRAY SB0 RCIC

0. ~ .04 .60
~

.36 0. O.

$ H2 BURN EARLY, DRY CCI, NO SPMAY
$ SB0 VITH HPCS FAILURE

5 59 54 56 3 6

1 * 1 * 3 * 1 * 3

EARLY BRN DRY-CCI NO SPRAY SB0 HPCS

.64 .36 0. ~ 0. O. O.
i

$ H2 BURN EARLY, DRY CCI, SPRAY
$ SB0 VITH NO INJECTION

5 59 54 56 3 6

1 * 1 * 2 * 1 * 1

EARLY BRN DRY-CCI SPRAY SB0 NO INJECT
0. .36 .07 .06 .06 .45 -~

$ H2 BURN EARLY, DRY CCI, NO SPRAY
$ SB0 VITH RCIC FAILURE

5 59 54 56 3 6

1 * 1 * 2 * 1 * 2
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|b EARLY BRN DRY-CCI SPRAY SB0 RCIC

4_/ -0.. _ .05 .43- .37 .14 - ,01~

$ H2 BURN EARLY, DRY CCI, NO SPRAY
$ SB0 VITH HPCS FAILURE

_

~

56 3 65- 59 54
1 * 1 * - 2 * - 1 * 3

EARLY BRN DRY-CCI SPRAY S BO -. HPCS

.35 .51 .11 0. O. O.
4

$ N0 H2 BURN EARLY, NO CCI, NO SPRAY
$ SB0 VITH NO INJECTION

5 59 54 56 3 6

2 * 4 * 3 * 1 * 1

NO ERLY B NO-CCI NO SPRAY SB0 NO INJECT
~ ~

0. 1. O. 0. O. O.

$ NO H2 BURN EARLY, NO CCI, NO SPRAY
$ SB0 VITH RCIC FAILURE

5 59 54 56 3 6

2 * 4. * 3 * 1 * 2

NO ERLY B -N0.CCI NO SPRAY SB0 RCIC
~

U.
~

0. .8 .2' O. O.

$ NO H2 BURN EARLY, NO CCI, NO SPRAY

n $ SB0 VITH HPCS FAILURE

-() -5- 59 54 56- 3 6

2 * 4 * 3 * 1 * 3

NO ERLY B NO-CCI NO SPRAY SB0 HPCS

~.59 .41 0. ~ 0. O. O.
~

|

$ NO H2 BURN EARLY, NO CCI, SPRAY
$ Sb0 VITH NO INJECTION

5 59- 54- 56 3 6

2- * 4 * -2- * 1 * 1

NO ERLY B -NO-CCI- SPRAY SB0 NO INJECT
~

5. -
~

1. 0. O. 0. - O.

$ NO H2 BURN EARLY, NO CCI, SPRAY
$ SB0 VITH RCIC FAILURE

5 59 54 56 3 6

2 * 4 * 2 * 1 * 2

NO ERLY B NO-CCI SPRAY SB0 RCIC

6.
~

0. .56- .38 .06 0.

$ NO H2 BURN EARLY, NO CCI, SPRAY
$ SB0 VITH HPCS FAILURE

| 5 59 54 56 3 6

_l' * 3
L 2_ * 4 * 2 *

|- N0'ERLY B NO-CCI SPRAY SB0 HPCS

.33 ~ .51 .16 0. O. O.'
=

|- k
l v 2 59 54 $ NO H2 BURN EARLY

2 * 3 $ SLOV_ VET CCI

H.2 - 47
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I

|

l

NO ERLY B SLOV-VET
-

D.
~

.1 .15 .25 .5 O.

2 59 54 $ N0 H2 BURN EARLY
2 * 2 S FAST _ VET CCI

NO ERLY B FAST-VET
D.

~

0. .1 .15 .75 0.

$ NO H2 BURN EARLY, DRY CCI, NO SPRAY
$ SB0 VITH NO INJECTION

5 59 54 56 3 6

2 * 1 * 3 * 1 * 1

NO ERLY B DRY-CCI NO SPRAY SB0 NO INJECT
-D.

-

.30 .07
~

.06 .0A .51 ~

$ NO H2 BURN EARLY, DRY CCI, NO SPRAY
S SB0 VITH RCIC FAILURE

5 59 54 56 3 6

2 * 1 * 3 * 1 * 2
,

NO ERLY B DRY-CCI NO SPRAY SB0 RCIC'

-~

| D. 0. .60 .36 .04 0.

$ No H2 BURN EARLY, DRY CCI, NO SPRAY
$ SB0 VITH HPCS FAILURE

5 59 54 56 3 6

2- * 1 * 3 * 1 * 3

NO ERLY B DRY-CCI NO SPRAY SB0 HPCS
~ ~

.41 0. ~ 0. O. O..59

$ NO H2 BURN EARLY, DRY CCI, SPRAY
$ SB0 VITH NO INJECTION

5 59 54 56 3 6

2 * 1 * 2 * 1 * 1

NO ERLY B DRY-CCI SPRAY SB0 NO INJECT

D.
~

.31 .07 .06 .06 .50 -

S NO H2 BURN EARLY, DRY CCI, SPRAY
$ SB0 VITl! RCIC FAILUKE

5 59 54 56 3 6

2 * 1 * 2 * 1 * 2

NO ERLY B DRY-CCI SPRAY SB0 RCIC

D.
~

0. .43 .42 .14 .01

$ N0 H2 BURN EARLY, DRY CCI, SPRAY
$ SB0 VITH HPCS FAILURE

5 59 54 56 3 6
'

2 * 1 * 2 * 1 * 3

NO ERLY B DRY-CCI SPRAY SB0 HPCS

~.33 ~ .51 .16 0. O. O.

OTHERVISE $ SHOULD NOT TAKE THIS PATH
0. O. O. O. 1. O.

61 AC POVER AVAILABLE LATE - AC_PVR
2- 'AC_ LATE' 'N0_AC_LAT'

11 . 2 - 4 8
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4f ,

e

I

:.

-

(/? -2.
7 $ SB0 EVENT'

2 3
._

3 $ NO POVER RECOVERY1 *
-SBO- NO RECOV- ,

O. T.
OTHERVISE- $ AC POVER'AVAILABLE LATE

1. O.
t

62. LARGE H2 BURN IGNITED LATE - LG BRN
~

'

2 'NO BURN' 'LG BURN'
4 _1 ~ 2

~

54
.1 57 $ CONTINUOUS IGNITION SOURCE AVAILABLE

2
~IGH SOURC

C 0
2

2- 0. O.<

4 0. O.

1 58 $ IF > 55% STEAM THEN INERT'

6-
> 55%=

-1. 0.-

5 0. O.i

'

6 0. 0 .-

1 -60 $ IF < 4 % H2 THEN NO BURN;.
1

< 4 %-'

1. O.
. 2.

-5- O. O.'

-6 0. O.

3 58 60 61 $ 0-15 % STEAM AND
6% H21- * 2 * 2 $ 4-8 % H2 IN CNTMT =

0-15% 4-8% N0_AC_LAT $ NO AC POVER LATE
'71 .29.

2-
5 0. 19.4
6- 0. -7.6

3 -58- .69 61 $ 0-15 % STEAM AND
10% H2

1 * 3 * 2 $ 8-12 % H2 IN CNTMT =

0-15% 8-12% N0_AC_LAT $ NO AC POWER LATE
.. 67 .33'p

L '2
-5. O. ~51.6

f7 6 0. 8.8
t - \} __
l 3 58 60 61 $ 0-15% STEAM AND

H.2 - 49
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1 * 4 * 2 $ 12-16 % H2 IN CNTHT = 14% H2
0-15% 12-16% N0_AC_LAT $ NO AC POVER LATE

.58 .42
2

5 0. 92.6
6 0. 10.

3 -58 60 61 $ 0-15% STEAM AND
1 * 5 * 2 $ 16-20% H2 IN CNTHT = 18% H2

0-15% 16-20% N0_AC_LAT $ NO AC POVER LATE
.49 .51

2

5 0. 121,
6 0. 11.

3 58 60 61 $ 0-15% STEAH AND
1 * 6 * 2 $ > 20 % H2 IN CNTHT - 24% H2

0-15% > 20% N0_AC_LAT $ NO AC POVER LATE
.49 .51

2

5 0. 166.
6 0. 14.

3 58 60 61 $ 15-25% STEAM AND
6% H22 * 2 * 2 $ 4-8 % H2 IN CNTHT =

15-25% 4-8% N0_AC_LAT $ NO AC POVER LATE
.71 .29 -

,

5 0. 26.7
6 0. 13.

3 58 60 bl $ 15-25% STEAM AND
3 *- 2 $ 8-12-% H2 IN CNTHT = 10% H22 *

15-25% 8-12% N0_AC_LAT $ NO AC POVER LATE
.67 .33

2

5 0. 59.7
6 0. 15.

3 58 60 61 $ 15-25% STEAH AND
2 * 4 * 2 $ 12-16 % H2 IN CNTHT = 14% H2

15-25% 12-16% N0_AC_LAT $ NO AC POVER LATE
.58 .42

2
5 0. 96.8
6 0. 17.

3 58 60 61 $ 15-25% STEAM AND
2 * 5 * 2 $ 16-20 % H2 IN CNTHT = 18% H2

15-25% 16-20% N0_AC_LAT $ NO AC POVER LATE
.49 .51

5 0. 126. 4

6 0. 19.
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' p. ;

j (._,/ ; 3158_ .

60 61- $ 15-25% STEAM AND
~

21- * 6 * 2 $ >20.% H2'IN CNTMT = 24% H2-
c 15-25%:- > 20%. NO AC LAT'$ NO AC POVER LATE

.49 .51-
- ~

.2,
5- O. 170.
6 0. 23. .

3 SL 60 61 $ 25-35% STEAM AND
3 * 2 * 2 $ 4-8 % H2 IN CNTMT 6% H2=

25-35% 4-8% N0_AC_LAT $ NO AC POVER LATE .
.71 .29

2 I

5- 'O.. 34.1
6 0.- 19,

3 158 60 61 $ 25-35% STEAM AND
3 * 3 * 2 $ 8-12 % H2 Iii CNTMT = 10% H2'

25-35% 8-12%- N0_AC_LAT $ NO AC POVER LATE
.67- .33

2

5 O. 67.9
!6_ 0. - -21.

: y'); - 3 _58 - 60- 61 S 25-35% STEAM AND-.

3 * =4 *- 2 $ 12-16 % H2 IN CNTMT = 14% H2-(
- 25-35% 12-16% NO AC LAT $ NO AC POWER LATE

.58 .42
~~

p -2. ')
5 0. 103.'

6- 0.- 24,

3~ 58 60 61 $ 25-35% STEAM'AND
:3 * 5 * 2 * 16-20 % H2 IN'CNTMT = 18% H2

25-35% 16-20% N0_AC_LAT t N0'AC POVER LATE
.49 .51'

2 ..
5- 0.- 134.

.
6' -0.. 28.

5- 3 58- 60 61 $'25-55% STEAM AND
3 ' *- 6 * 2 S':>20 % H2 IN'CNTMT = 24% H2 ,

!

'25-35% >'20% N0_AC_LAT $ NO AC POVER LATE
.49- .51

!m _2
5- 0. 161.n

E 6 0. '34. !

1
| ..

-60 (1 $ 35-45% STEAM AND
'

b - 3- 58
6% H2* 2 * 2 $ 4-8 % H2 IN CNTMT- .-c __ -4; =

- 1

j(}}--
.71 .29

35-45%' 4-8% N0_AC_LAT S NO AC POWER LATE
-

:2

L H.2 - 51
L
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!

5 0. 44, 2

6 0. - 27. f.
3 58- 60 61 $ 35-45% STEAM AND

4 * 3 * 2 $ 8-12 % H2 IN CNTHT = 10% H2
35-45%- 8-12% N0_AC_LAT $ NO AC POVER LATE

.67 .33
2

5 0. 79.6
6 0. 30,

3 58 60 61 $ 35-45% STEAM AND
4 * 4 * 2 $ 12-16 % H2 IN CNTMT = 14% H2

35-45% 12-16% N0_AC_LAT $ NO AC POVER LATE
.58 .42

2
5- 0. 112.
6 0. 35.

3 58 60 61 $ 35-45% STEAM AND
4 * 5 * 2 $ 16-20 % H2 IN CNTMT = 18% H2

35-45% -16-20% N0_AC_LAT $ NO AC POVER LATE
.49 .51

2

5 0. 143.
6 - 0, 40.

3 58 60- 61 $ 35-45% STEAM AND
4 * 6 * 2 $ >20 % H2 IN CNTHT = 24% 112

35-45% > 20% N0_AC_LAT $ NO AC POVER LATE
.49 .51

-2
5 0. 157,
6 0. 50.

3 58 60 61 $ 45-55% STEAM AND
6% H25 * 2 * 2 $ 4-8 't H2 IN CNTHT =

-8% N0_AC_f.AT $ NO AC POVER LATE45-55% a

.71 .29
2

5 0. 58.2
6 0. 38,

3 58 60 61 $ 45-55% STEAM AND
5 * 3 * 2 $ 8-12 % H2 IN CNTHT = 10% H2

45-55% 8-12% N0_AC_LAT $ NO AC POVER LATE
.67 .33

2
5 0. 97.9
6 0. 44.

3 58 60 61 $ 45-55% STEAM AND
5 * 4 * 2 $ 12-16 % H2 IN CNTMT = 14% H2

45-55% 12-16% N0_AC_LAT $ NO AC POVER LATE
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,

p; .58 .42
2~(f

5 0. 128.
6 0, 51.

.3158- 60 61 $ 45-55% STFAH AND
5 * 5 * 2 $ > 16 % H2 IN CNTNT = 18% H2

45-55% 16-20% NO AC LAT $ NO AC POVER LATE
~ ~

,49 .51
2

5 9! 146.
6 0. 59.

3. 58 60 61 $ 45-55% STEAM AND
-5 * 6 * 2 $ >20 % H2 IN CNTHT - 24% H2

40-55% > 20% N0_AC_LAT $ NO AC POVER LATE
.49 .51

2
5 O. 168.
6 -0. 78.

$ CASES FOR AC POWER AVAILABLE

3 58 60 61 $ 0-15-% STEAM AND
6% H21 * 2 * 1 $ 4-8 % H2 IN CNTMT -

0-15% 4-8% AC_ LATE $ AC POVER AVL LATEj- .

-- (_,)E !
'

2
:5 0, 19.4

| 6 0. 7.6

3 58 60 63 $ 0-15 % STEAM AND
1 * -3 * .1 $ 8-12 % H2 IN CNTHT - 10% H2

0-15% 8-12%- AC_ LATE'$ AC POVER AVL LATE
0. 1.-

2

5 0, .51.6 ,

6 0. 8.8
,

3 58 60 61 $ 0-15% STEAM AND
l ' $ 12-It. % H2 IN CNTHT = 14% H21 * 4 *

0-15% 12-16% AC_ LATE & AC POVER AVL LATE
0. : 1.

~2-

-5- O. 92.6
6 0. 10.

3 58 '60 61 $ 0-15% STEAM AND
1 * 5 * -1 $ 16-20% H2 IN CNTHT - 18% H2

0-15% 16-20% AC_ LATE $ AC POWER AVL LATE
0. 1.

('~) 2

4/ 5 0. 121.
6 O. -11.

l.
I H.2 - 53
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3 58 60 61 $ O-15% STEAM AND
1 * 6 * 1 $ > 20 % H2 IN CNTHT . 24% H2

'

0-15% > 20% AC_ LATE S NO AC POVER LATE
0. 1.

2
5 0, 165.
6 0, 14,

3 58 60 01 $ 15-25% STEAM AND
6% H22 * 2 * 1 $ 4-8 % H2 IN CNTHT =

15-25% 4-8% AC_ LATE $ AC POVER AVL LATE
0. 1.

2

5 0. 26.7
6 0. 13.

3 58 60 61 $ 15-25% STEAM AND
2 * 3 * 1 S 8-12 % H2 IN CNTMT = 10% H2

15-25% 8-12% AC_ LATE S AC POVER AVL LATE
0. 1.

2

5 0. 59.7
6 0. 15,

3 58 60 61 $ 15-25% STEAM AND
2 * 4 * 1 $ 12-16 % H2 IN CNTHT = 14% H2

15-25% 12-16% AC_LA1E $ AC POVER AVL LATE
O. 1.

2
5 0. 96.8
6 0. 17.

3 58 60 61 $ 15-25% STEAM AND
2 * 5 * 1 $ 16-20 % H2 IN CNTHT - 18% H2

15-25% 16-20% AC_ LATE $ AC POWER AVL LATE
0. 1.

2
5 0. 126.
6 0. 19,

3 58 60 61 $ 15-25% STEAM AND
2 * 6 * 1 $ >20 % H2 IN CNTHT 24% H2

15-25% > 20% AC_ LATE $ NO AC POVER LATE
0. 1.

2

5 0, 170.
6 0. 23.

3 58 60 61 $ 25-35% STEAM AND
6% H2

3 * 2 * 1 $ 4-8 % H2 Ill CNTMT =

25-35% 4-8% AC_ LATE $ AC POWER AVL LATE
0. 1.

2

H.2 - 54
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3 58- -60 61 $ 25-35% STEAM AND
3 * 3' * 1 $ 8-12 % H2 IN CNTHT = 10% H2 -

,

25-35% 8-12% AC_ LATE $.AC POVER AVL LATE
0. 1.

2

5-- 0. 67.9
6 0. 21.

-3 58 60 61' $ 25-35% STEAM AND
3 * 4 * 1 $ 12-16 % H2 IN CNTMT = 14% H2

25-35% 12-16%. AC_ LATE $ AC POVER AVL LATE
0. 1.

2
5 0. 103.
6- 0. 24.

3 58 60 61 $ 25-35% STEAM AND
3 * - 5 * 1 $ 16-20%_H2 IN CNTMT - 18% H2

25-35% 16-20% AC_ LATE $ AC POWER AVL LATE
-

0. - -1,

2
5 0, 134.
6 0. 28.

-L(
3 58- 60 61 $ 15-25% STEAM ~AND''

3 * 6 * 1 $ 120 % H2 IN CNThT = 24% H2
25-35% > 20% AC_LAfE $ NO AC POVER LATE

- 0, 1.

~5 0. . 161.
6 0. 34,

3 -58 - 60- 61 $ 35-45% STEAM AND
4 - f 2- * 1 $ 4-8 % H2 IN CNTMT . 6% H2-

35-45% - 4-8% AC_ LATE $ AC POVER AVL LATE
10. 1.

2
5 0. 44,

6: 0. 27.

'3 58- 60 61 $ 35 45% STEAM AND
4 * 3 * I $ 8-12 % H2 IN CNTMT - 10% H2

35-45%.- 8-12% -AC_ LATE $ AC POVER AVL. LATE
-0. 1.

2
.5 0. 79.6
6 0. 30.

7~ T 3 58 60. 61 $ 35-45% STEAM AND
-I 4- -* 4 * 1 $ 12-16 % H2 IN CNTMT = 14% H2

35-45% 12-16% AC_ LATE $ AC POWER AVL LATE

11 . 2 - 5 5
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1

0. 1.

5 0. 112.
6 0. 35,

3 58 60 61 $ 35-45% STEAM AND
4 * 5 * 1 $ 16-20% H2 IN CNTMT - 18% H2

35-45% 16-20% AC_ LATE $ AC POVER AVL LATE
0. 1.

2
5 0. 143.
6 0. 40.

3 58 60 61 $ 35 /:5% STEAM AND
4 * 6 * 1 $ >20 % H2 IN CITTMT - 24% H2

35-45% > 20% AC_ LATE $ NO AC POVER LATE
0. 1.

2

5 0. 157.
6 0. 50.

3 58 60 61 S 45-55% STEAM AND
6 % 11 25 * 2 * 1 $ 4-8 % H2 IN CNTMT -

45-55% 4-8% AC_ LATE $ AC POVER AVL LATE
0. 1.

2

5 0. 58.2
6 0. 38.

3 58 60 61 $ 45-55% STEAM AND
5 * 3 * 1 $ 8-12 % 112 IN CNTMT - 10% H2

45-55% 8-12% AC_ LATE $ AC POVER AVL LATE
0. 1.

2

5 0. 97.9
6 0. 44.

3 58 60 61 $ 45-55% STEAM AND
5 * 4 * 1 $ 12-16 % H2 IN CNTMT. 14% H2

45-55% 12-16% AC_ LATE $ AC F0VER AVL LATE
0. 1.

2
5 0. 128.
6 0. 51.

3 58 60 61 $ 45-55% STEAM AND
5 * 5 * 1 $ 16-20 % H2 IN CNTMT- 18% H2

45-55% 16-20% AC_ LATE $ AC POVER AVL LATL
0. 1.

2

5 0. 146.
6 0. 59.

3 58 60 61 $ 45-55% STEAM AND

11 . 2 - 5 6
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f% - 5 * 6 -- * 1. $ >20 % H2 IN CNTHT: - 24% H2-

:G 15 5% > 20 AC_ LATE $ NO AC POVER LATE

2'
5 0. 168.
6 0. 78.

OTHERVISE- S SHOULD NEVER GO THIS PATH
1.- 0.~

2
5 0. 0.-
6 -0. O.

63 H2 DETONATION LATE CONTAINMENT FAILURE - H2_DET
2 'DET CF' 'N0'

~

2' 1 2-
9
1 62 $ NO LARGE BURN IGNITION LATE-

1-
NO BURN

6. - 1.

3 ~58L 58 58 $ IF > 35% STEAH
+ 6 $ THEN INERT TO DETONATIONS.4 + .5

35-45% 45-55% > 55%
0. 1.

/O 3 60 60 60 $ < 12 % H2 IN CONT ATM LATE
i AM. 1 # 2 -+ 3

< 4% 4-12% 8-12%
j_ 0, 1.

S STEAM > 35% HIGH
$ 12 - 16% H2 IN CNTHT-ATM LATE -

$ POVER RECOVERED PRIOR TO CNTHT LIMIT
$ RHR IS AVAILABLE IN SPRAY MODE,,

4 60 - 3 7 56
! 4- * 1 * 2 * 2

12-16% SB0- CNTHT_LMT. SPRAY

;. .022 .978

1 60 $ 12 - 16% H2 IN-CONT ATH LATE
4- S < 35% STEAM LOV

12-16%
0. '1.

L $ STEAM > 35% HIGH
$ 16-20% OR'> 20% H2 IN CNTMT ATM LATE-
$ POVER RECOVERED PRIOR TO CNTHT LIMIT
S RHR IS-AVAILABLE IN SPRAY MODE,

5 60 60 3 7 56

6) * 1 * 2 * 2-
. ( -- 5 - +-

C's - 16-20%. > 20% SB0 CNTMT LMT SPRAY

Q- .025 .975
~

H.2 - 57
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1 60 $ 16 - 20% H2 IN CNTMT ATM LATE
5 $ < 35% STEAM LOV

15-20%
.16 .84

1 60 $ > 20% H2 IN CNTHT ATM LATE
6 $ < 35% STEAM

> 20%
.27 .73

OTHERVISE S SHOULD NEVER GO THIS FATH
0. 1.

| 64 HYDROGEN BURN LATE CONTAINMENT FAILURE - CF
2 ' FAILURE' 'NO FAILUR'
6 1 ~ 2

2

1 63 $ LATE DETONATION FAILS r NTAINMENT
1

DET CF
1 ~ 5

BURNPREE
MAX
GETHRESH 1 -1

LATE DETONATION (FORCE FIRST BRANCH)
OTHERVISE

1 5
BURNPRES

FUN-F BURN
EQUAL ~ 0

CALCULATE PROB 0F CNTMT FAILURE (ANY MODE) GIVEN BURN FRESSURE

65 CONTAINMENT STATUS AT ACCIDENT PROGRESSION COMPLETION - CNTMT_ST
4 'EARLY CF' ' LATE CF' ' VENT' 'NO LAT CF'
4 1 ~ 2 ~ 3 ~4

-

14
3. 2 $ CONTAINeiENT FAILED AT CORE DAMAGE

2

FAILED
1. O. 0 0.

1

7 .15 .15 O. O.
'

1 5 $ CONTAINMENT VENT NOT ISOLATED FOR SB0
2 $ SEQUENCES

NOT ISOL
1.~ 0. O. O.

1

7 0. O. O. O.

1 24 $ CNTMT FAILURE PRIOR TO RPV FAILURE
1

FAILURE
1. O. 0 0.

1

H.2 - 58
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-r N 7 .15- .15 0 .- 0.
! )

'

11 4'6 S CNTHT FAILURE AT RPV FAILURE
1

' FAILURE ,

1. O. O. O.
1

7 .15 .15- 0. O.

3 2 3 9 $ CONTAINMENT INTACT AT CD AND
1 * 4 * 1 $ CRITICAL-ATUS - THIS COMBINATION

-INTACT CRIT _ATVS VENT $ IMPLIES Tile ALTERATE SHUTDOVN i

S ATVS SE0VENCES
0. O. 1. O.

1

7- .15 .15 0. O.

S C0tTTAINMENT llEAT REMOVAL VITH SPRAY
$ OR RHR VITH POOL AND NO POOL BYPASS

4 8| 8 49 54
(2 * 2))(1 + * 1

RHR SPRY RHR POOL NO PL BP DRY-CCI
, 0.~ .1

~ ~ ~

0. .9
1

7 .15 .15 0. O.

h $ CONTAINMENT HEAT REMOVAL VITH SPRAY
'U- $ OR RHR VITH POOL AND NO POOL BYPASS

4 8 8 49 54
(1

'

(2 * 2)) * -/1 -+

.RHR SPRY RHR POOL NO PL BP- Not DRY-CCI
0. O. O. 1.

1

7- .15. .15 0. O.

3 8 49. 9 ' $ CNTMT HEAT REMOVAL VITH P00L 'C00 LING-
2 ' * 1 * 2 $ AND POOL BYPASS

RHR POOL POOL BP NO VENT-
07- 775 ~0. .25

1

7 .15 .15 0. O.
.

1 9 S CONTAINMENT VENT OPENED
1

: VENT-

0. O. 1. O.
I
7 .15 .15- O. O.

S NO CONTAINMENT HEAT REMOVAL-
$ AND SB0 VITH EARLY AND INTER LOSS INJ

, ..

L-( 4 8 3 6 6'

2)| ' 'v - 3 * 1 * (1 +

N0_RHR SB0 N0_ INJECT RCIC

H.2 - 59
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0. 1. O. O. 9>

7 .15 .15 0. O.

3 8 3 6 S NO CONTAINMENT HEAT REMOVAL
.; * 1 * 3 $ AND SB0 VITH LATE LOSS INJ

NO RHR SB0 HPCS

07 1. O. O.

1

.15 .15 0. O.*
,

3 8 6 6 S NO CONTAINMENT HEAT REMOVAL
3 * (1 2) S VITH EARLY/ INTER LOSS OF INJECTION

NO RHR NO INJECT RCIC
07 1.

~

0. O.

1

7 .15 .15 0. O.

1 8 $ NO CONTAINMENT HEAT P.EMOVAL
3 S ALL OTHER SEQUENCES

NO RHR
07 1. O. O.

1

7 .15 .15 0. O.

OTHERVISE $ SHOULD NEVER GO THIS PATH
0. 1. O. O.

1

7 .15 .15 0. O.

66 MODE OF LATE HYDROGEN AND OVERPRESSURE CONTAINMENT FAILURE - LATE _CF
2 ' ANCHORAGE' 'PN-D/NoCF'
6 1 2

4
1 65 $ LATE STEAM OVERPRESSURE FAILURE

2

LAT CF
1~ 7

OP ANC PR
MAX
EQUAL 0

LATE STEAM OVERPRESSURE FAILURE CASE

1 64 $ CNTMT NOT FAl; ;') BY H2 BURN LATE
2

NO FAILUR
I 5

BURNPRES
MAX

GETHRESH 1 1.E20
NO FAILURE CASE -- FORCE SECOND BRANCH

1 63 $ DETONATION FAILURE OF CNTMT
1

DET_CF

H.2 - 60
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i

O BAPRtS
'

HAX
GEThnESil 1 1.020

NO FAILURE C,.;E -- FORCE SECOND BRA!1CH
OTHERVISE

1 5

BURNPRES
FUN-P HODE

~

EQUAL 0
GET H0DE OF CONTAINHENT FAILURE

$
$
$ CET EVENT 10 LATE POOL BYPASS ************************************* PB LATE

-

~

$
$
67 DRYVELL FAILURE DUE TO LATE ilYDROGE!1 BURN IN C0flTAll1HENT - DV LATE

~

2 'DV FAIL' 'NO DV FAL'
~

6 1 ~2~

2

1 62 $ LARGE BURN IGt11 TION IN CNTHT LATE
2

LG BURN
~

2 5 6

BURNPRES CllTHT PRESSURE

O FUN-DVDELP
EQUAL 0

PROB 0F CONT BURN FAILI!1G DrYVEl,L
OTilERVISE $ NO LARGE BURNS IN CNTHT LATE

2 5 6

BURHPRES CNTHT PRESSURE
HAX
GETilRESH 1 1.E20

-

NO CNTHT 112 BURN
,

68 POOL BYPASS LATE - LATE _PB

2 'LAT PL BP' 'NO LAT BP'
~

2 1~ ~2
6
1 67 $ DRYVELL FAILED BY LATE CNTHT H2 BURN

1

DV FAIL
T. O.

1 66 $ POOL BYPASSED BY CONTAINHENT

1 $ ANCHORAGE FAILURE LATE
ANCHORAGE

I. O.

1 55 $ POOL BYPASSED BY PEDESTAL
2 $ FAILURE DUE TO CCI EROSION

O AFTER VB
~

1. 0.

11 . 2 - 6 1 )
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1 54 $ POOL BYPASSED BY OVERTEMPERATURE
I $ FAILURE Or DRYVELL PENETRATIO!4S

DRY-CCI $ ASSUMED TO OCCUR VITil NO VATER IN
1. O. S DRYVELL - SAHL CONDITIONS VillCH CAUSE 1

$ DRY CCI I

$ VACVUH BREAKERS FAILI!4G OPEN FOR
$ SEQUENCES VITil AC POVER (HENCE
$ VB ISO VALVES ARE OPEN)
$ AND LARGE !!2 PURN OCCURS IN CONT

8 62 3 3 3 3 3 7 7

2) )5) * (1(16)2 * (( 3 + 4 + +++

LG PilRN OTHER TYPES CRIT ATVS OTilERS SB0 LOOP li SB0 PRIOR RV CNTHT LIM
1~ - -- - -

3,3 ,93
OTHERVISE $ BYPASS PROB FOR SEQUENCES VITil VB

.0001 .9999 $ ISOLATED

I

O

9

H.2 - 62
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APPENDIX 11 . 3

PNPP IPP. APET DESCRIPTION
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The following description of the IPE Level 2 Accident Progression Event _ TreeThe Perry
-(APET) provides a case by case discussion of each of the 60 events,
IPE APET is processed by the Event Progression Analysis (EVNTRE) code developed
at Sandia National Laboratories. Note that the EVNTRE code examines all cases
sequentially, and once it finds a "true" outcome for a dependency it stops

A complete discussion of the EVNTRE codeprocessing the care dependency logic.
is provided in the SAIC NUREG/CR--5174 reference manual (Griesmeyer 1989).

,

O
,

/\

U

H.3 - 1
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O
11 . 3 . 1 . PLA!G DAMAGb STATE GROUPING IDGIC

This APET Group consisting of events 1 thru 11 inputs the conditions prior to
the initiation of core damage using the plant damage state grouping parameters
and logic tree described in sections 4.3.1 and 4.3.2.

The outcomes of this APET group are Plant Damage States 1 thru 75. Reference
Figure 4.3.2-1, Plant Damage State Grouping Logic. [It should be noted during
the development of the Plant Damage State Event Trees, 150 Plant Damage States
(or Classes) are model t7 include LOOP Vith No HVAC. When it was determined
that LOOP Vith No HVAC is not a contributor to core damage, the Plant Damage
States initially modeled vere revised to 75.)

The PDS frequencies transferred into the NUS containment accident process code
(NUPCAP+) and the frequencies are summed back tnrough the Plant Damage State
Grouping Logic to calculate the total Front-End Damage State Frequency and all
the branch frequency. Manual calculations of the branch split fractions are
then input into the depending sorting events in the APET Plant Damage State
Grouping Logic to enable the Perry APET to determine the probability of each
outcome with an input frequency of 1. The probability results can be transposed
to frequency by multiplying through vith the total Plant Damage State Core
Damage Frequency. O
EVENT 1. NOT A CONTAINMENT BYPASS FREQUENCY - CNT BYP

Two branches

NO BYPASS Not A containment bypass sequence.
EVENT V A containment bypass sequence.

EVNTRE Question Type: 1. (Independent sorting event)

PROBABILITIES:

CASE 1. No Containment Bypass Sequence

NO BYPASS 1.0
EVENT V 0.0

Event Dependencies: None

Quantification Basis IPE Calculation PDS Branch Split Fractionr.

O
!
| EVENT 2. CONTAINMENT STATUS AT CORE DAMAGE - CNT_FAL

|
| 11 . 3 - 2

|
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i

Tvo branches:

INTACT Containment Intact At Core Damage.
FAILED Containment Failed At Core Damage.

EVliIRE Question. Type: 2. (Dependent split fraction)

PROBABILITIES:

CASE 1. Not A Containment bypass Sequence

INTACT 0.7720
-

TAILED 0.2200

-

CASE 2. Ott *toiw d aer reach this case.'

Event Dependencies: Not A Conts.inment Bypass Sequence (Event 1).

Quantification Basis: IPE Calcul tion l'DS Branch Split Fractions.

O
EVENT 3. EVENT TYPE: FOR CONTAINHENT INTACT OR FAILED AT CORE DAMAGE

'

- EVENT _TYP

Six branches:

Station Blackout Vith Cntmt Intact At Core Damage
-

SB0
LOOP N0 H LOOP No llVAC Vith Containment Intact At Core Damage
OTHER TYPES Other Event Types Vith Cntmt Intact At Core Damage
CRIT ATVS Critical ATVS Vith Containment Failed at Core Damage
LOOP & SB0 LOOP & SB0 Vith Containment Failed At Core Damage
OTHERS All OTHERS Vith Containment Failed At Core Damage

EVNTRE Question Type 2. (Dependent split fraction)

PROBABILITIES:

CASE 1. Containment Intact At Core Damage

SB0 0.1170
LOOP N0 H 0.0
OTHER TYPES 0.8830
CRIT ATVS 0.00 LOOP & SB0 0.0
OTilERS 0.0

11 . 3 - 3

- - - - - _ _ _ - _ _ _ - - - _ _ - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CASE 2. Otherwise, Containment FLiled At Core Damage

SB0 0.0
LOOP N011 0.0
OTilER TYPES 0.0

CRIT ATVS 0.1945
LOOP & SB0 0.1910
OTi!ERS 0.6145

Event Dependencies: Containment Status At Core Damage (Event 2)

Quantification Basist IPE Calcula:lon PDS Branch Split Fractions.

EVENT 4. INITIAL CONTAINHENT !! EAT REMOVAL VITil SUFR POOL COOLING- SUPR_PL

Two branches:

NOT AVAILABLE Suppression Pool Cooling Initially Not Available.
INIT SP COOLING Initial Suppression Pool Cooling Available.

The Initial Containment Heat Removal Vith Suppression Pool Cooling functional .

for LOOP Vith
characteristic was included to better characterize the containmentIlovever, the IPE front-end reviev later determined that coreNo itVAC sequences. The Back-End Plant Damage Statedamage from this sequence was not possible.
set of functional characteristics are maintained in the interest of minimizing

The LOOP Vith No !!VAC branching as shown in figure 4.3.2-1 is notchanges.
developed.

EVNTRE Question Type 2. (Dependent split fraction)

PROBABILITIES:

CASE 1. LOOP Vith No llVAC Sequence

NOT AVAILABLE 1.
INIT SP COOLING 0.

CASE 2. Otherwise, Not A LOOP No ilVAC Sequence.

NOT AVAILABLE 1.
INIT SP COOLING 0.

Event Dependencies: Event Type: Cntmt Intact / Failed At Core Damage h

(Event 3).

H.3 - 4
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1

'|
i

O Not applicable for a token place holder value.Quantification Basiss'

!
.

EVENT 5. CONTAINHENT VENT ISOLATED AT RPV FAILURE - CNT_ISOL

Two branches
i

ISOLATED- Containment Isolated At RPV Failure.
-NOT ISOLATED Containment Not Isolated At RPV Failure.

EVNTRE Question Type 2. (Dependent split fraction)
I

;

PROBABILITIES:

C SE 1. SB0 Sequence

ISOLATED 0.7965
NOT ISOLATED 0.0035

.

-CASE 2. Otherwise, Default'to Isolated for other sequences.

IS01ATED 1.0
>

NOT ISOLATED 0.0

Event Dependencies: Event Type (Event 3).

Quantification Basis IPE Calculatica PDS Branch Split Fractions.

EVENT 6. RPV INJECTION FAILURE TIME - INJ_F_TIH

Three branches

NO INJECT SB0 RPV Injection Failure Times 0 - 2.8 Hours
RCIC SB0 RPV Inject-on' Failure Times 2.8 - 4.2 flours
HPCS SB0 RPV Injection Failure Time: > 4.2 Ilours

[ No Branch Verifies APET branching assignment.)

>

EVNTRE Question Type 2. (Dependent split _ fraction)

PROBABILITIES:
' ,

("% . !

CASE 1. SB0 Event And Containment Isolated At Core Damage
I

NO INJECT 0.4347

|
11 . 3 - 5
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RCIC 0.2798
IIPCS 0.2854
No Branch 0.0000

CASE 2. SB0 Event And Containment Not Isolated At Core Damage

NO INJECT 0.4347
RCIC 0.2798
ilPCS 0.2854

| No Branch 0.0000

CASE 3. LOOP Vith No IIVAC And Initial Pool Cooling
Not Available

NO INJECT 1.0
RCIC 0.0
llPCS 0.0
No Branch 0.0

4

CASE 4. LOOP Vith No ilVAC And Initial Pool Cooling

NO INJECT 1.0 |

RCIC 0.0
llPCS 0.0

1 No Branch 0.0

1

CASE 5. Otherwise, Default to No Injection

NO INJECT 1.0
RCIC 0.0
llPCS 0.0
No Branch 0.0'

Event Dependencies: Event Type (Event 3), Initial Containment Heat Removal
Vith RilR Suppression Pool Heat Removal (Event 4).

Quantification Basist IPE Calculation PDS Branch Split Practions. Cases 3 and
4 are token place holders, so a basis is not applicable.

EVENT 7. OFFSITE POWER RECOVERY TIME
- PVR_R, TIM

Three branches

PRIOR RPV Offsite power recovery prior to RPV failure.
CNTHT LIM Offsite power recovery prior to cor.tainment limit.
NO RECOV No recovery of ofIsite pover.,

'

| No Branch Verifies APET branchin; assignment.]

|- H.3 - 6
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| EVNTRE Question Type 2. (Dependent split fraction)

PROBABILITIES:

CASE 1. SB0 And No Injection

PRIOR RPV 0.6148
CNTHT LIM 0.3567
NO RECOV 0.0285
No Branch 0.0000

CASE 2. SB0 And RCIO Injection Failure

PRIOR RPV 0.2484
CNTHT LIM 0.7006
NO RECOV 0.0510
No Branch 0.0000

CASE 3. SB0 And ilPCS Injection Pailure

PRIOR RPV 0.4231
' CNTHT LIM 0.0000

NO |tECOV 0.5769m
No Branch 0.0000

CASE 4.- Otherwise, Default to No Recovery

PRIOR RPV 0.0
CNTHT LIM 0.0
NO RECOV 1.0
No Branch 0.0

Event Dependencies: Event Type (Event.3),~0ffsite Pover Recovery Time
(Event 6).

Quantification Basis IPE Calculation PDS Branch Split Fractions. Engineering
judgement.

- SPRAY
EVENT 8. CONTAINHENT HEAT REMOVAL VITH RHR SPRAY LOOP

Three branches:

RHR SPRAY RHR containment spray loop available before containment
overpressure limit threshold.

RHR POOL 'RHR suppression pool cooling loop available before
'

containment overpressure limit threshold.A
NO RHR No RHR loop available for containment heat removal.

H.3 - 7
|-
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i

'

It should be noted that RHR suppression pool cooling is currently not direct..y
applied in the APET. Containment spray is the only KHR mode used for
containment heat removal.

EVNTRE Question Typet 2. (Dependent split fraction)

PROBABILITIES:
,

CASE 1. SB0 And Containment Not Isolated

RHR SPRAY 0.
FilR POOL 0.
NO RHR 1,

CASE 2. SBO, No Injection And Offsite Power
Recovery Prior to RPV Pallure

RHR SPRAY 0.8312
RHR POOL 0.0000
NO RHR 0.1688

CASE 3. SBO, No Injection And Offsite Power
Recovery Prior to the Containment Limit g

RHR SPRAY 0.8284
RilR POOL 0.0000
NO RilR 0.1716

CASE 4. SBO, RCIC Injection Failure And Offsite Pover
Recovery Prior to RPV Failure

RHR SPRAY 0.9479
EllR POOL 0.0000
NO RHR 0.0521

CASE 5. SBO, RCIC Injection Failure And Offsite Power
Recovery Prior to Containment Limit

RHR SPRAY 0.9283
Rl!R POOL 0.0000
NO RHR 0.0717

CASE 6. SBO, ilPCS Injection Failure And Offsite Power
Recovery Prior to RPV Failure

|hRilR SPRAY 0.9090
RHR P0OL 0.0000

H.3 - 8
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NO RHR 0.0930

1

CASE 7. OTHER TYPES Sequences

RHn SPRAY 0.5171
RHR POOL 0.0000
NO RBR 0.4829

CASE 8. CRITICAL ATVS And Containment Failed At Core Damage

RHR SPRAY 0.3025
RHR POOL 0.0000
NO RHR. 0.6975

|
. CASE 9. CRITICAL ATVS And Containment Intact At Core Damage

This case is not included in-the Plant Damage State Grouping Logic, but ,

'

is included in the base case to fully characterire the APET framework
for later sensitivity analysis on ATVS modifications.

RHR SPRAY 0.2
RHR POOL 0.0

,( NO RHR 0.8

(
CASE 10. Otherwise, Default to No RHR.

RHR SPRAY 0.
RHR POOL 0.
NO RHR 1.

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), Containment Vent Isolated At Core Damage
(Event 5), Offsite Power Recovery Time (Event 7).

Quantification Basis: IPE Calculation PDS Dranch Split Fractions.
Case 9 is applied to later sensitivity analysis of ATVS
modification and the value is conservatively assigned by
Engineering: Judgement.'

- VENT
EVENT 9. CONTAINMENT HEAT REMOVAL VITH VENT

Two branchest-

Fue1~ Pool Cooling & Cleanup Vent or RHR Spray HerderVENT Vent available before containment overpressure limit.--s
_( j' 'No vent available before containment overpressure limit.

! NO VENT

H.3 - 9
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EVNTRE Question Types 2. (Dependent split fraction)

PROBABILITIES:

CASE 1. SDO, No Injection, Offsite Pover
Recovery Prior To RPV Failure,
And RilR Containment lleat Removal Not Available

VENT 1.
NO VENT 0.

CASE 2. SBO, No Injection, Offsite Pover
Recovery Prior To containment Limit,
And RilR Containment llent Removal Not Available

VENT 1.
NO VENT 0.

CASL'3. SBO, No injection And No offsite Power Recovery

VENT 0.8676
NO VENT 0.1324

CASE 4. SBO, RCIC Injection Tailure, Offsite Power
Recovery Prior To RPV Failure,
And R11R Containment lleat Removal Not Available

VENT 1.
NO VENT 0.

CASE 5. SBO, RCIC Injection Failure, Offsite Power
Recovery Prior To Containment Limit,
And RilR Containment llent Removal Not Available

VENT 1.
NO VENT 0.

CASE 6. SBO, RCIC Injection Failure
And No Offsite Power Recovery

VENT 0.1824
NO VENT 0.8176

CASE 7. SBO, flPCS Injection Failure, Of fsite lover
Recovery Prior To RPV Failure, g
And RilR Containment llent Removal Not Available w

11 . 3 - 1 0
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VENT 1.
NO VENT 0.

CASE 8. SBO, llPCS Injection Pailure
And No Offsite Power Recovery

VENT 0.7976
NO VENT 0.2024

CASE 9. OTHER TYPES of Event Sequences
And RilR Containment Heat Remaval Not Available -

VENT- 0.0394
N0 VENT 0.1606

CASE 10. CRITICAL ATVS And Containment Intact At Core Damage

VENT 1.
NO VENT 0.

CASE 11. Othervise, Venting Unnecessary or Irrelevant -
Default to No Vent.

VENT 0.
NO VENT 1.

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type -

(Event 3), RPV Injection Failure Time (Event 6), Offsite
Power Recovery Tine (Event 7), Containment !!ent Removal
Vith RllR Loop (Event 0).

Quantification Basis: IPE Calculation PDS Branch Split Fractions.
Case 10 is applied to later sensitivity analysis of ATVS
modification and the value is assigned by Engineering
judgement based on the success criteria.

EVENT 10. LATE IN-VESSEL INJECT & PEDESTAL CAVITY ddPPLY iAT_INJ-

Two branches

| LAT INJ Late Injection Available Before RPV Failure.
NO LT INJ Fo Late Injection.

EV!URE Question Type 2. (Dependent split fraction)

PROBABILITIES:

11 . 3 - 1 1
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SBO, No Injection, Offsite Power
CASE 1. Recovery Prior To RPV Failure,

And RilR Spray Available

LAT INJ 0.9866

NO LT INJ 0.0134

SBO, No Injection, Ofisite Power
CASE 2. Recovery Prior To RPV Failure,

And Vent Available

0.9973LAT INJ
No LT INJ 0.0027

SBO, No injection, Offsite Power
CASE 3 Recovery Prior To conin.inment Limit,

And RilR Spray Availabla

LAT INJ 0.3393
NO LT INJ 0.6607

SBO, No Injection, Offsite Power
CASE 4. Recovery Prior To Containment Limit.

And RilR Spray Not Available

LAT INJ 0.6887
NO LT INJ 0.3113

SBO, No Injection, No Offsite Power Recovery
CASE 5.

And Vent Available

LAT INJ 0.9363
NO LT INJ 0.0637

SBO, No Injection, No Offsite Power Recovery
CASE 6.

And Vent Available

LAT IN) 1.
NO LT INJ 0.

SBO, RCIC Injection Failure, Offsite Power
CASE 7. Recovery .-tior To RPV Failure,

And RilR Spray Available

LAT IN) 1. !

NO LT INJ 0.

11.3 - 12
-

---- - _______ h_



_ - _ _ _

1

(

(
L CASE B. SBO, RCIC Injection Failure, Offsite Powers lRecovery Prior To RPV Failure,

i
And Vent Available

LAT INJ 1.
NO LT INJ 0.

CASE 9. SBO, RCIC Injection Failure, Offsite Power
Recovery Prior To Containment Limit t

>
LAT INJ 0.
NO LT INJ 1.

!
t-

CASE 10. SBO,'RCIC Injection Failure, No Offsite Power Recovery, '

,

And Vent.Available

LAT INJ 0. ,

NO LT INJ. 1. .

r

e

CASE 11. SBO,:RCIC Injection Failure, No Offsite Power Recovery, ;
'

Ani No Vent'

|O= LAT INJ 0.
_

(,,/ NO LT 16J 1.'

~

-
CASE 12. SBO, HPCS Injection Failure, Offsite Power

Recovery Prior To RPV~ Failure,;

i |And RHR Spray Available
|

'LAT INJ '1.
NO LT INJ 0.

3

SBO, HPCS Injection failure, Offsite PowerCASE 13. .
Racovery Prior To RPV Failure,
And Vent Available

LAT INJ~ 1. ,

NO LT INJ 0.

CASE' 14'.- SBO,LHPCS Injection Failure, No Offsite Power Recovery,
And-Vent Available

~

LAT INJ 0.8432
NO LT INJ 0.1568

CASE _15. SBO, RCIC Injection Failure, No Offsite Power Recovery,

H.3 - 13

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



-

And No Vent O
LAT INJ 0.7460
NO LT INJ 0.2540

CASE 16. SB0 And Containment Vent Not Isolated At RPV Failute

LAT INJ 0.5046
NO LT INJ 0.4954

CASE 17. OTilER TYPES of Sequences And RilR Spray Available

LAT INJ 0.9969
NO LT INJ 0.0031

CASE 18. OT!!ER TYPES of Sequences And Vent Available

LAT INJ 0.9716
NO LT INJ 0.0284

CASE 19. OTilER TYPES of Sequences And No Vent

gLAT INJ 0.00022
NO LT INJ 0.99978

CASE 20. CRITICAL ATVS And Containment Intact At Core Damage

LAT INJ 1.
NO LT INJ 0.

CASE 21. CRITICAL ATVS And Containment Failed At Core Damage

LAT INJ 0.95
NO LT INJ 0.05

CASE 22. SB0 & LOOP Sequences And
Containment Failed At Core Damage

LAT INJ 0.4749
NO LT INJ 0.5203

CASE 23. All OTilERS Vith Containment Failed At Core Damage

LAT INJ 0.3137
t

NO LT INJ 0.6863'

II. 3 - 14
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,

CASE 24. Otherwise, should not reach this case.
: '

-

,

LAT INJ 0.
NO LT INJ 1.

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type r

(Event 3), RPV Injection Failure Time (Event 6),
Offsite Pover Recovery Time (Event 7), Containment Heat ,

Removal Vith RHR Loop (Event B), Containment Heat
Removal Vith Vent (Event 9).

Quantification Basis: IPE Calculation PDS Branch Split Fractions.

Case 20 is applied to later sensitivity analysis of ATVS
modification and the value is assigned by Engineering
judgement based on the success criteria.

Case 21 is applied to the CRITICAL ATVS sequence where
Late Infattion Availability is not explicitly modeled in
the PDS e.ent trees and f Se value is selected based on :

examination of similar late injection sequences when AC
power is available and containment is intact at core
damage.

O
..

RPV DEPRESSURIZED DURING Cu"S DAMAGE - RX_ PRESSEVENT 11.
-

,

Two branches:

LOV PRES. RPV Depressurized During Core Damage.
HI PRES RPV Not Depressurized During Core Damage.

EVNTRE Question Type 2. (Dependent split fraction)

PROBABILITIES:

CASE 1. SBO, No Injection, Offsite Sov9r
Recovery Prior To RPV Failu e,
Vent Available And Late Injection Available

LOV PRES 0.4650
HI PRES 0.5350

!

CASE 2. 'SBO, No Injection, Offsite Pover
Rccovery Prior To RPV' Failure,
Vent Available, And No Late Injection

LOV PRES 1.
HI PRES 0.

L
| 11 . 3 - 1 5"
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CASE 3. SBO, No Injection, Offsite Power
Recovery Prior To Containment Limit,
Vent Available And Late Injection Available

LOV PRES 0.2284
111 PRES 0.7716

CASE 4. SBO, No Injection, No Offsite Power Recovery,
Vent Available, And Late Injection Available

LOV PRES 0.9904
111 PRES 0.0096

CASE 5. SBO, No Injection, No Offsite Power Recovery,
Vent Available, And No Late Injection

LOV PRES 1.
HI PRES 0.

CASE 6 SBO, No Injection, No Offsite Power Recovery,
No Vent, And Late Injection Available

LOV PRES 1.
HI PRES 0.

CASE 7. SBO, RCIC Injection Failure, No Offsite Power Recovery,
No Vent, And No Late Injection

LOV PRES 0.
HI PRES 1.

i

CASE 8. SBO, !!PCS Injection Failure, No Offsite Power Recovery,
Vent Availabic, And Late Injection Available

LOV PRES 0.8014
HI PRES 0.1986

CASE 9. SBO, llPCS Injection Failure, No Offsite Power Recovery,
Vent Available, And No Late Injection

LOV PRES 0.7704
HI PRES 0.2296

.,
CASE 10. SB0, HPCS Injection Failure, No Offsite Power Recovery,

|
No Vent, And Late Injection Available

H.3 - 16
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i

;r)
U LOV PRES 0.9768

111 PRES 0.0232

CASE 11. $D0, ilPCS Injection Pailure No Offsite Power Recovery,
No Vent, And No Late Injection

LOV PRES 1.
111 PRES 0.

|

C CASE 12. SBO,. Containment Not Isolated At RPV Failure, |
And Late Injection Available j

LOV PRES 0.6M2
III PRES 0.3068 i

|

CASE 13. SBO,-Containment Not Isol u ) At RPV Failure,
And No Late Injection

'
LOV PRES' 1.
HI PRES 0.

(\
5 CASE'14. All'other 580 Sequences are Depressurized

1

h LOV PRES 1.
|- -HI PRES- 0.

CASE 15. OTilER TYPES Sequences, Ri!R Spray Available
And Late _ Injection Available

LOV PRES 0.9924
-HI PRES 0,0076

' CASE 16'. OTi!ER TYPES Sequences, No RilR Available,
.. Vent Available And Late Injection Available

LOV PRES 0.9950
!!I PRES .0.0050

CASE;.17. -0 tiler TYPES Sequences, No RHR Available,
No. Vent And. Late Injection Available

,

LOV PRES 1. .

'F
l.- 111 PRES 0.

't
' CASE 18. OTHER TYPES Sequences, No RHR Available,~

J

t 11 . 3 - 1 7
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No Vent And No Late Injection

LOV PRES 0.9255
III PRES 0.0745

CASE 19. CRITICAL ATVS And Containment Intact At Core Damage

LOV PRES 1.
III PRES 0.

CASE 20. CRITICAL ATVS, Containment Failed At Core Damage
And Ri!R Spray Available

LOV PRES 0.9918
III PRES 0.0082

0/.SE 21. CRITICAL ATVS, Containment Failed At tore Damage
And No RilR

LOV PRES 0.7458
Hi PRES 0.2542

CASE 22. SB0 & LOOP Sequences, Containment Failed At Core Damage,
/,nd Late Injection Available

LOV PRES 0.99940
til PRES 0.00060

CASE 23. SB0 & LOOP Sequences, Containment Failed At Core Damage,
And No Late Injection

LOV PRES 0.8882
III PRES 0.1118

CASE 24. In All Remaining Sequences Vith the Containment
Int 6ct or failed At Core Damage
The RPV Is D'.pressutired Duiing Core Damage

LOV PRES 1.
111 PRES 0.

CASE 25. Otherwise, Should Never Reach This Case.

LOV PRES 1.
III PRES 0.

H.3 - 18
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Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), RPV Injection Failure Time (Event 6),
Offsite Pover Recovery Time (Event 7), Containment Heat
Removal Vith RHR Loop (Event B), Containment Heat
Removal With Vent (Event 9), Late In-Vessel Injection &
Pedestal Cavity Supply (Event 10).

Quantification Basis: IPE Calculation PDS Branch Split Fractions.

Case 19 is applied to later sensitivity analysis of ATVS
modification and the value is assigned by Engineering
judgement based on the success criterin.

B.3.2. DEBRIS COOLED IN-VESSEL

This APET Group determines in Events 12 thru 15 the probability that the debris
is cooled in-vessel-(and reactor vessel failure is prevented).

The two possible outcomes from this APET group are:

Debris is Cooled In-Vessel (and RPV Failure Prevented)
Debris is Not Cooled In-Vessel (and RPV Failure Occurs)

EVENT 12. LATE RPV LOV PRESSURE INJECTION AVAILABLE - LATE _INJ

Three branches:

VATER INJECT Late vater injection into vessel.
NO INJECTION No late water injection.

CRITICAL ATVS and the reactor is not shute.own with recovery
action.

This question assesses whether there is water injection to the reactor vessel
established subsequent to core damage but prior to reactor failure in excess of
that provided by the CRD system alone. In addition, there 's a separate branch
for the ATVS sequence where it_is assumed that even if a vater supply is
provided to the vessel subsequent to core damage that in-vessel cooling is not
possible.

EVNTRE Question Type 2. (Dependent Sorting Ever.t)

SORTING:

CASE 1. No Late In-Vessel Injection
-

'

VATER INJECT 0.
|' NO INJECTION 1.

H.3 - 19
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CRITICAL 0.

CASE 2. CRITICAL ATVS

VATER INJECT 0.
NO INJECTION 0.
CRITICAL 1.

o

CASE 3. Late In-Vessel Injection Available

VATER INJECT 1.
NO INJECTION 0.

-

CRITICAL 0.

CASE 4. Otherwise, Should never reach this case.

VATER IN.1ECT 0.
NO INJECTION 1.
CRITICAL 0.

Event Dependenciest Event Type (Event 3), and Late In-Vessel Injection and
Cavity Supply (Event 10).

O
EVENT 13. RPV DEPRESSURIZED DURING CORE DAMAGE - RX_ PRESS

Two Branchest

LOV PRESSURE RPV Depressurized before core plate failure
-

III PRESSURE RPV Not Depressurized during core damage

In-vessel cooling requires the that the reactor pressure vessel be depressurized
to permit the lov pressure Late-Injection systems to provide flov to the reactor
core.

EVNTRE Question Typet 2. (Dependent sorting event)

SORTING:

CASE 1. All Sequences Vhere RPV Is Depressurized
During Core Damage

LOV PRESSUR 1.
HI PRESSURE 0.

CASE 2. Otherwise, Assign to High Pressure

H.3 - 20
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/\
b- LOV PRESSUR 0.

HI PRESSURE 1.

Event Dependencies: RPV Depressurized During Core Damage (Event 11)

EVENT 14. DEBRIS HASS HOLTEN AT VESSEL BREACH - HOLTEN_VB

Two branches

LARGE DEBRIS Large mass of molten debris in lover reactor vessel
1 SMALL DEBRIS Small mass of molten debris in lover reactor vessel

The mass of molten debris in the reactor vessel lover head is a key factor in
determining the probability of successful in-vessel cooling. Two discrete
magnitudes were evaluated: Large (~40% of core mass), and Small (~10% of core
mass). The Grand Gulf (Brown 1990) APET provided the following estimated
probabilities.

EVNTRE Question Types 2.

. PROBABILITIES:

CASE 1. No Late Injection or RPV Not Depressurized
During Core Damage.

LARGE DEBRIS 0.1
SHALL DEBRIS 0.9

CASE 2. !A bervise, for Late-Injection Available and the RPV
apressurized During Core Damage, or Critical reactor-
state.

LARGE DEBRIS 0.025
-SHALL DEBRIS 0.975

Event Dependencies: Late RPV Lov Pressure Injection Available (Event 12),
and RPV Depressurized During Core Damage (Event 13).

Quantification Basis Grand Grif (Brown 1990) APET Event Number 61.
!

EVENT 15. DEBRIS COOLED IN-VESSEL - INV_ COOL

Two Branches: ' COOLED IN-VESSEL Debris Cooled In-Vessel
( . NOT COOLED IN-VESSEL Debris Not Cooled In-Vessel| -

H.3 - 21
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hIn NUREG/CR-4551 the mass of molten material in the reactor vassel at vessel
breach was used as a discriminant for the coolability of the debris in-vessel.
For sequences with a largt mass of molten debris (~40% of core mass) it was
judged that the debris had a 0.5 probability of being cooled in-vessel. For
sequences with a smaller amount of molten debris (~10% molten), the
NUREG/CR-4551 authors judged that the probability of successfully cooling the
debris in-vessel is approximately 0.75.

EVNTRE Question Type: 2. (Dependent Split Tractions)

PROBABILITIES:

CA,SE 1. Critical Reactor, And
Containment failed Before Core Damage |

COOLED INV 0.
NOT COOLED '.NV 1.

CASE 2. Critical Reactor And Alternate Shutdown
Vith Containment Integrity Maintained

This case is designed to apply to the later sensitivity analysis of the
'* pact of controlling RPV Pover/ Level during an unmitigated ATVS such
that the containment is maintained intact at core damage. Therefore
this case applies to reem ered ATVS sequences with alternate shutdown,
if late injection is available in Event 12, Late RPV Lov Pressure
Injection Available, then In-Vessel Core Cooling is fully credited.

COOLED INV 1.
NOT COOLED INV 0.

CASE 3. Vater Injection Available,
RPV Depressurized During Core Damage
And Large Holten Debris Mass

COOLED INV 0.5
NOT COOLED INV 0.5

CASE 4. Vater Injection Available,
RPV Depressurized During Core Damage
And Small Holten Debris Mass

COOLED INV 0.75
NOT COOLED INV 0.25

CASE 5. Otherwise. He iocling Vater Available For Other
Seqt.eres.

COOLED INV 0.

:". 3 - 22
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NOT COOL INV 1.
(

Event Dependencies: Late Vater Injection to Reactor Vessel (Event 12), RPV
Depressurized During Core Damage (Event 13), and Debris
Mass Holten at Vessel Breach (Event 14).

Quantification Basis Grand Gulf (Brown 1990) APET Event Number 63.

H.3.3. H0DE OF CONTAINMEffr FAltliRE BEFORE RPV FAILURE

This APET group determines in Events 16 thru 25 the probability and the mode of
'' containment failure following a hydrogen deflagration or a hydrogen detonation.

A hydrogen deflagration results in a sudden pressure rise that can fall the
containment in either of two possible modest penetration failure (which includes
the equipment hatch), or anchorage failure. The penetration failure modes are!

grouped with the equipment hatch failure mode to minimize the complexity of the
analysis.

The three possible outcomes from this DET group are:

ANC110 RAGE Concrete / steel anchorage failure
PENETRATION / DOME Penetration, containment shell, or

equipment hatch failure
NO FAILURE No containment failure

EVENT 16. HYDROGEN IGNITION SYSTEM AVAILABLE - Il2_1GN

Two Branches:

HIS OFF Hydrogen Ignitor Syst em Inoperable or In Of f Status
111S ON Hydrogen Ignitor Sys :em Available and In On Status

EVNTRE Question: Type 2. (Dependent Split Traction)

PROBABILITIES:

CASE 1. No Loss Of AC Power:

For this case it is assumed the !.gnitors are very likely to be
available through out the sequence. The likelihood of the HIS being
maintained off when AC Power is available is associated with the human
interaction, Operator Falls To Initiate Hydrogen Ignition System.
Monitoring and controlling hydrogen with the hydrogen analyzers and

O hydrogen ignitors is integratad in the simulator training ef the Plant
Emergency Instruction (PEI). The most limiting time vindov for
hydrogen generation to commence is for a loss of all injection

H.3 - 23
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accident where the maximum core clad tempeinture reaches 2200 F after
51 minutes. During licensed operator simulator training, the control
room operators are trained to routinely monitor and control hydrogen in
the PEI flow chart by placing the hydrogen analyzers in service in the
third step of the RPV Control entry. During a loss of all injection

the reactor vater level decreases belov Level 1 ( < 16.5 inches above
the Top of the Active Fuel) at about 29 minutes. The RPV vater level
decrease belov Level 1 is the entry condition to flydrogen control. The

Unit Supervisor vill typically direct acti9n f rom the flydrogen Control
flov chat t that the Hydrogen Ignitors be placed in service about I
minute after entering the flow chart. The execution time to initiate
this system at a nearby back panel is relatively short requiring about
30 seconds. Therefore, the human error probability of 0.005 is
considered conservative.

_

HIS OFF 0.005
!!IS ON 0.995

CASE 2. Otherwise, For Remaining Sequences
Default to AC Power Lost Early

For this case, it is assumed that the AC povered ignitors are not
available at any time during the sequence. Even if power recovery
occurs it is not clear that the ignitors vould be turned on in
aufficient time to mitigate tl.e accident. The Perry Plant Emergency
Instructions direct the operators not to turn on the ignitors until
containment and dryvell hydrogen measurement is available t.nd the
respective concentrations are determined to be less than the associated
Hydrogen Deflagration Overpressure Limits of 9% and 6%. It is

estimated that hydrogen measurement vould require as much as two hours
following power recovery. The hydrogen analyzet equipment is AC
povered and requires at least an hour to reach steady state calibrated

-

-

conditions following restoration of AC power.

IIIS OFF 1.
111S ON 0.

Event Dependencies: Event Type (Event 3).

Quantification Basis IPE Humt.n Interaction Technical Assignment File, Perry
Plant Emergency Instruction, and Discussion vith
Operation and Chemistry Staff.

- ISOL
EVENT 17. CONTAINMENT VENT ISOLATED BEFORE RPV FAILURE

Two branches:

ISOLATED Containment Isolated
NOT ISOLATED Containment Not isolated

(Fuel Pool Cooling & Cleanup Isolation Open)

U.3 - 24
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the timeThis event determines whether the containment is isolated, or not, at
of RPV failure for SB0 sequences. Branching under this event is determined
uniquely by the branch taken under Plant Damage State Event 5.

EVNTRE Ouestion: 2. (Dependent Sorting Event)

SORTING:

CASE 1. Containment Vent Isolated Before RPV Failure
For SB0 Sequences

ISOLATED 1.
NOT ISOLATED 0.

..

CASE 2. Othervise, Postulate Not Isolated For SB0 Sequences.

ISOLATED 0.
NOT ISOLATED 1.

Event Dependencies: Containment Vent Isolated At RPV Failure (Event 5).

Quantification Basis Not Applicable.

EVENT 18. H0DE OF SPRAY OPERATION EARLY - RHR_HODE

Three Branches

CONTROLLED Sprays are operating in a throttled cooling mode
to mitigate oc exclude hydrogen deflagrations and
detonations.

SPRAY Sprays are operating at full design cooling.
NO SPRAY Sprays are not available.

'

This event defines the conditions of containment spray operation at the time of
The sprays can either be available or notcore damage or vessel failure.

available. If a containment spray loop is available, the operators could
operate the system in a throttled RHR heat exchanger flow control mode such that
the containment atr~-there remains at elevated pressure (~30 psig) in order to

:nncnt remains steam-inert to hydrogen combustion orassure that the s'vond containment steam concentration to minimize the expectedmaintains the a:
peak burn pressures.

EVNTRE Ouestion Type 2. (Dependent Sorting Event)

SORTING:

CASE 1. RHR Spray Not Available
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RHR Spray is determined to be not available in the Plant Danage State
Grouping Logic.

CONTROLLED 0.
SPRAY 0.
NO SPRAY 1.

CASE 2. AC Pover L(ut and Not Recovered Prior to RPV Pallure

CONTROLLED 0.
SPRAY 0.
NO SPRAY 1.

CASE 3. AC Power Never Lost And RHR Spray Available
!

With AC Power available, it is almost certain that the hydrogen
igniters are available to control hydrogen by combining the available
oxygen with the hydrogen generated. Therefore, a controlled,
steam-inerted containment atmosphere is not necessary to credit the
mitigative impact of controlled spray operation.

CONTROLLED 0.
SPRAY 1.
NO SPRAY 0.

CASE 4. AC Power Lost and Recovered Prior to d allure
And RHR Spray Available

CONTROLLED 0.
-

SPRAY 1.
NO SPRAY 0.

Under these' conditions it is probable that there vill be significant ,

iquantities of hydrogen released into the containment and that the a

hydrogen. ignition system vill not be energized during the first hour or
two following AC power recovery. (Reference Event 16 discussion.)
Under these conditions it is possible to limit the threat from hydrogen
combustion by throttling the RHR bypass flow to maintain the
containment steam concentration in the steam-inert regime. However,
since this mode u operation is not in the Perry Plant Emergency
Instruction, th4.s mode of operation has been assigned a zero
probability for base case evaluation.

CASE 5. Otherwise, Should never reach this case.
f

CONTROLLED 0.
SPRAY 1.
NO SPRAY 1.

-

s

+
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g

is-)I Event Dependenciesi; Event Type (Event 3), Offsite Power Recovery Time (Event
7), and Containment Heat Removal Vith RHR Spray Loop
(Event 8).

Sorting Basist Perry Plant Emergency Instruction and Engineering
Judgement.

'

EVENT 19. CONTAINMENT STEAM CONCENTRATION BEFORE RPV FAILURE : - ST_ CONC
,

-Six branches:

0-15 % Containment Steam Volume Percent
15-25 %.
25-35 %
35-45 %
45-55 %

>55 %

1The hydrogen burn ignition probability and burn efficiency is a function of the
steam concentration in the containment. -The steam concentration regime
probabilities given for the cases belov vere estimated using MAAP results for

f-^i :each case _and considering the variability of suppression pool temperature.
b .EVNTRE'Ouestion '.''. e 2. ~(Dependent Split Fraction)

j; PROBABILITIES:
1

CASE 1.- Spray Loop Operation At Design Cooling

Vith a containment spray loop operating at design cooling with
containment-heat removal optimized with the Residual Heat Removal heat
exchanger, the steam _ concentration would be lov.

0-15'% 1.
15-25 %- 0.
25-35 % 0.
35-45 %- 0.
45-55 % 0.

>55 % 0.

CASE 2. SB0 And No Injection Failure Early (0 - 2.8 Hrs)

0-15 % 1.
| 15-25 % 0.

25-35 % 0,

35-45 % 0.

.~lI '
->55 % 0.

45-55 % 0.'

' ' '

|

|--
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CASE 3. SB0 And RCIC Injection Failure (2.8-4.2 Hrs) |h
0-15 % 0.

15-25 % 0.51
25-35 % 0. J.9
35-45 % 0.
45-55 % 0.

>55 % 0.

CASE 4. SB0 And HPCS Injection Failure ( > 4.2 Hrs)

s-15 % 0.
15-25 % 0.
25-35 % 0.
35-45 % 0.
45-55 % 0.

>55 % 1.

CASE 5. Containment Failed At Core Damage

0-15 % 0.
15-25 % 0.
25-35 % 0.
35 45 % 0.

;

45-55 % 0.
>55 % 1. .

1

CASE 6. Otherwise, Other Sequences Default
To Lov Steam Concentration

All other-sequences are conservatively evaluated by assuming a lov
steam concentration.(which implies fast ore damage) and can produce a
-higher expected burn pressure.

0-15 % 1.
15-25 % 0.
25-35 % 0.
35-45 % 0.
45-55 % 0.

>55 % 0.

Event P- Sndencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), RPV Injection Failure Time (Event 6), and
Mode of RHR Spray Operation Early (Event 18).

Quantification Basis: IPE Engineering Calculation - Hydrogen Burns (see APET
Event 20 for summary description of hydrogen generation
modeling which is related to the steam concentration),
and Engineering Judgement.
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EVENT 20. FRACTION OF.s:RE INVENTORY OF ZIRCONIUM REACTED IN-VESSEL - H2_INV

Three Branches:

11 % Percent In-Vessel Zirconium Reacted In-Vessel
22 %
33 %

,

-The mean values for the fraction of core inventory-reacted in-vessel ranged from
0.104 to 0.218 for the long term ATVS and short term SB0 case described in
NUREG/CR-4551. Perry HAAP calculations for a vide spectrum of sequence types
shov the fraction of zirconium reaction ranging from approximately 0.03 to 0.20
for the no injection SB0 (modeled with Local Blockage), and for RCIC injection
loss with a cool suppression pool (modeled by No Blockage - no local node
cutoff). The Perry IPE MAAP calculations implemented the best-estimate values
for the model-parameters discussed in the " Recommended-Sensitivity Analyses For
An Individual Plant Examination Using MAAP 3.0B"_(EPRI 1991). The IDCOR BVR
" blockage" model of Local Blockage option was considered more likely and the No
Blockaga option less likely, and a probability.of 0.8 and 0.2 was assigned to
each. option, respectively. These results were-used to define the-split
fractions shovn-below.

(^)
\~/ EVNTRE Question: Type 2. -(Dependent Split Fractions)

PROBABILITIES:

CASE 1. 'SB0 And No Injection Failure Early (0 - 2.8 Hrs)

11 % 1.
22 % 0.
33 % 0.

CASE'2. SB0 And RCIC Injection Failure (2.8 4.2 Hrs)

11 % 0.87
22 % 0.13.
33 % 0.

CASE 3. SB0 And HPCS Injection Failure ( > 4.2 Hrs)

11 % 1.
22 % 0.
33 % 0,

CASE 4. Otherwise, Other Sequences Are Assigned'-

The Maximum Fraction Zire Reacted
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Used in Case 2, SB0 V11h RCIC Injection Loss

11 % 0.87
22 % 0.13
33 % 0.

" Event Dependencies: Event Type (Event 3), and RPV Injection Failure Time
(Event 6).

Quantification Basist Grand Gulf (Brovn 1990) APET Event 35, " Recommended
Sensitivity Analyses For An IPE Using MAAP 3.0B" (EPRI
1991), and Perry IPE Engineering Calculations using
" Recommended Sensitivity Analyses For An IPE Using HAAP
3.0B" (EPRI 1991).

EVENT 21. SMALL BURNS AT LOV HYDROGEN CONCENTRATION - SM_BRN

Two Branches:

NO SMALL No Small Burns Occur
SMALL BURP Small Burns Occur

to &If small burns are ignited at lov hydrogen concentrations, then the threat Wcontainment integrity from a large hydrogen burn is effectively eliminated.
Ignition of small burns at lov hydrogen concentrations depletes the containment
of hydrogen (and oxygen) and results in an ignition source for later hydrogen
burns (from residual fires or smoldering transient " trash").

EVNTRE Question Type: 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. Inert Steam Atmosphere

For this case the occurrence of small burns is not possible.

NO SMALL 1.
SMALL BURN O.

CASE 2. Hydrogen Ignitors On

For this case the occurrence of small burns are virtually assured.

NO SMALL 0.
SMALL BURN 1.

AC Power Available, But Ignitors Not Available h
CASE 3.
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!

! /' Under these conditions NURF0/CR-4551 indicated that it was likely that
the ignition source available as a result of the operation of AC

-

povered equi ment inside containment vould result in the ignition of a
small burn at lov hydrogen concentrations.

NO SMALL 0.25
SMALL BURN 0.75

CASE 4. AC Power Lost and Recovered Prior to Vessel Failure

NUREG/CR-4551 estimated that there was a small time vindov vithin which
AC power had to be recovered following the initiation of core damage in
order for a small burn to be ignited (prior to release of sufficient

-

large amounts of hydrogen that a large burn vould occur). The
following probabilities are taken from NUREG/CR-4551 for the case
without the igniters available.

NO SMALL 0.96
SMALL BURN 0.04

CASE 5. AC Power Lost and Not Recovered Before RPV Failure

For this case ignition of a small burn at lov hydrogen concentrations
was estimated to be negligible from random ignition sources.-g

NO SMALL 1.'

SMALL BURN 0.

CASE 6. Otherwise, Should Never Reach This Case
*

NO SMALL 1.
SMALL BURN 0.

Event Dependencies: Containment Steam Concentration Before RPV Failure
(Event 19), Hydrogen Ignitors Available (Event 16),
Event Type (Event 3), RPV Injection Failure Time (Event
6) and Offsite Power Recovery (Event 7).

Quantificttion Basis: Grand Gulf (Brown 1990) APET Event 41.

EVENT 22. LAfrGE HYDROGEN BURN DURING CORE DAMAGE - LG_ BURN

Two Branches:

NO BURN No Large Hydrogen Burn Ignited
LG BURN Large Hydrogen Burn Ignited

-( )

H.3 - 31

. . _ _ . __ _ _ - - _ _ _ _ _ _ _ _ _ - - _ - _ _ - --____



1

This event assess whether a large hydrogen burn is ignited in containment prior
to reactor vessel failure. If a hydrogen burn is ignited this event sets the
value of two parameters (1 and 3) used in subsequent events. Parameter 1 is the
peak containment pressure (psig) expected from the hydrogen burn. Parameter 3
is the pre-existing containment pressure (psig) before the burn.

The expected peak containment pressure vas determined as follovs. First, the

adiabatic isochoric combustion pressure (AICC) vas calculated for each
combination of hydrogen concentration and steam concentration resulting from the
branching under Events 19 and 20. Then, the AICC pressure was multiplied by a
burn efficiency factor taken from NUREG/CR-4551 for each steam and hydrogen
concentration case, which relates the expected peak pressure to the maximum
(AICC) burn pressure. Table H.3.2-1 shovs the results of the hydrogen pressure
calculation and the input for each case where a large bydrogen burn vas
predicted to occur. Table H.3.2-1 also shows the probability assigned for
ignition of a large burn.

EVNTRE Ouestion Type 4. (Dependent Split Fractions with parameter values
set for each case)

PROBABILITIES:

CASE 1. Containment Failed At Core Damage

The steam-inert containment atmosphere prevents hydrogen combustion.
Note in this case, the EVNTRE parameter for the Peak Containment
Pressure is used to carry the probability of anchorage failure for
gradual steam overpressurization.

NO BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS .15

CASE 2. Small Burn Occurs At Lov flydrogen Concentrations

The small burn is assumed to prohibit the occurrence of a subsequent
large burn.

NL BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS 0

CASE 3. Containment Concentration Is Greater Than 55%

The steam-inert containtnent atmosphere prevents hydrogen combustion.
Note in this case, the EVNTRE parameter for the Peak Containment
Pressure is used to carry the probability of anchorage failure for
gradual steam overpressurization.

NO BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS .15
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L('\1 -CASE 4. Cntmt Steam-[0-15%) & 33%-Zirc Reacted, [H2] - 25.6% '

'

.. wJ
:N0 BURN 0.5

LG BURN 0.5 BASE PRESS 9 PEAK PRESS 142

CASE'5. Cnt'mt Steam [0-15%] 6 22% Zire Reacted,-[H2] = 18.8%
,

NU BURN- 0.5
LG BURN' - 0. 5 BASE PRESS 6 PEAK PRESS 98

CASE 6. . Cntmt Steam [0-15%] & 11% Zire Reacted, [H2] = 10.5%

NO BURN 0.72
LG BURN- 0.28 BASE PRESS 4 PEAR PRESS 40

CASE 7. Cntmt Steam [15-25%) & 33% Zire Reacted, [H2] = 22.1%

NO-BURN 0.5
LG BURN 0.5 BASE PRESS 14 PEAK PRESS 123

CASE'8. Cntmt St'eam [15-25%] & 22%'Zire Reacted, [H2] = 16.2%

_ {} NO BURN 0.5g
-LG BURN 0.5 BASE PRESS 11 PEAK PRESS 87 ,

CASE 9.. -Cntmt Steam [15-25%] & 11% Zire Reacted, [H2] - 9.0%

NO BURN 0.72
LG BURN ~0.28- BASE PRESS 9 PEAK PRESS 37

CASE 10.- Cntmt-Steam'[25-35%] & 33% Zire Reacted,-[H2] = 19.4%

NO BURN 0.5
LG BURN ;0.5_ BASE PRESS 20 PEAK PRESS 113

' CASE 11. Cntmt Steam [25-35%] & 22% Zire Reacted. [H2],- 14.2%
-.

NO BURN. 0.61
LG BURN =0.39 BASE PRESS 16 PEAK PRESS 80

CASE 12. Cntmt-Steam [25-35%) & 11% Zirc Reacted, [H2] - 7.9%

-

NO. BURN 0.75
Y LG BURN 0.25 BASE PRESS 13 PEAK PRESS 36

i .1V:
,
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CASE 13. ~Cntmt Steam [35-45%] 6 33% Zire Reacted, [112) = 16.6%
-

NO BURN 0.56
LG BURN 0.44 BASE PRESS 27 PEAK PRESS 104

CASE 14. Cntmt Steam (35-45%] & 22% Zire Reacted, (H2] = 12.2%

NO BURN 0.67
LG BURN 0.33 BASE PRESS 23 PEAK PRESS 75

CASE 15. Cntmt Steam [35-45%] & 11% Zire Reacted, [H2) = 6.8%

NO BURN 0.77
LG BURN 0.23 BASE PRESS 19 PEAK PRESS 37

CASE 16. Cntmt Steam (45-55%) & 33% Zire Reacted, [H2] = 13.8%

NO BURN 0.61
14 BURN 0.39 BASE PRESS 37 PEAK PRESS 98

CASE 17. Cntmt Steam [45-55%) & 22% Zire Reacted, [H2] - 10.2%

NO BURN 0.72
LG BURN 0.28 BASE PRESS 32 PEAK PRESS 76

CASE 18. .Cntmt Steam [45-55%] & 11% Zire Reacted, [H2] - 5.7%

NO BURN 0.77
LG BURN 0.23 BASE PRESS 27 PEAK PRESS 40

CASE 19. Otherwise, Should Never Reach This Case

NO BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS 0

Event Dependencies: Containment Steam Concentration (Event 19), Fraction of
Zircalloy Reacted In-Vessel (Event 20), Small Burns At
Lov Hydrogen Concentration (Event 21).

Quantification Basist Grand Gulf (Brown 1990) APET Events 43 and 46, and Perry
IPE Engineering Calculation - Hydrogen Burns (reference
intermediate results in TABLE H.3.2-1.)

!

h
EVENT 23. HYDROGEN DETONATION CONTAINMENT FAILURE BEFORE RPV FAILURE - H2_DET
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/"*) Two Branches
QJ

DET CF Hydrogen Detonation Containment Failure
NO_ No Hydrogen Detonation Containment Failure

Given that the containment hydrogen is ignited (as previously determined in the
APET by taking the Large Burn Ignited During Core Damage branch) this event
assesses whether a detonation occurs which fails the containment. It is assumed
that if detonation does occur, that it occurs in the upper containment and
results in a large (> 7 square feet) failure area in the dome or upper
cylindrical vall of the containment.

The probabilities for containment failure estimated belov are based on the
results from the Grand Gulf NUREG/CR-4551 analyses for hydrogen detonation
loading and the Sehqoyah steel containment impulse strength.

Based on NUREG/CR-4551 results detonations are assumed to have negligible
probabilities for steam concentrations in excess of 35% or hydrogen
concentrations less than 12%. The probabilities of hydrogen detonation and the
mean impulse loading under other conditions are shown in Table H.3.2-2 below.

The mean value of the containment failure impulse for Grand Gulf given in
NUREG/CR-4551 was 19.5 kPa-s. However, unlike Grand Gulf, Perry is a free
standing steel containment. Hence, the nearest containment design to Perry of
the NUREG-1150 plants is Sequoyah which also has a free standing steel

7-~) containment. For the Sequoyah plant the mean value of the containment failure
( ,

was estimated to be 12.1 kPa-s (for the upper containment region). Assuming'"'

this value is appropriate to assess the containment failure impulse loading at
Perry the containment failure probabilities shown on Table H.3.2-2 vere
estimated.

As in NUREG/CR-4551, the "high" steam level case represents sequences which vere
into

-

initially inert to detonations and where the steam is condensed and brought
the detonation range by spray operation. The lov steam level corresponds to
cases where the detonatable mixture formed while the containment atmosphere
remained in a flammable regime (non-inert). In the Perry IPE analyses, it is
assumed that the only time that a "high" steam level case could occur vould be
for SB0 sequences with power (and spray) recovery subsequent to core damage.

EVNTRE Ouestion Type: 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. No Large Burn Ignited

Vith no large burn, no trigger exists for a nydrogen detonation.

DET CF 0.
NO 1.

V
CASE 2. Containment Steam concentration Greater Than 35%

|
'
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Steam concentrations greater than 35% prevent hydrogen detonation. |h
DET CF 0.
NO 1.

CASE 3. 11% Fraction of Zirconium Reacted

Hydrogen concentrations of < 12% are associated with 11% Zirconium
Reacted sequences which do not support detonation.

DET CF 0.
NO 1.

CASE 4. Containment Steam Concenttation High
And Slovly Decreasing Less Than 35%,
And Hydrogen Concentration Is 12-16%

This occurs when power is recovered before RPV failure and sprays are
available. This range of hydrogen concentration can be associated with
22% Zire Reacted sequences. This case is assigned to those sequences
where the containment steam concentration is 0-15%, the Fraction of
Zire Reacted In-Vessel is 22%, the Event Type is SB0, Fover is
Recovered Before RPV Failure, the Mode of RHR Spray Operation Early is
Spray, and no Loss of Injection Early. |

DET CF 0.022
NO 0.978

CASE 5. Containment Steem Concentration Lov
And Hydrogen Concentration Is 12-16%

This occurs when the containment steam concentration is between 25-35%
and the Fraction of Zire Reacted is 33%.

DET CF 0.
NO 1.

CASE 6. Containment Steam Concentration Low
And Hydtcgen Concentration Is 16-20%

This occurs when the containment steam concentration is between 0-25%
and the Fraction of Zire Reacted is 22%.

DET CF 0.16
NO 0.84

CASE 7. Containment Steam Concentration High |h
And Slowly Decreasing Less Than 35%,
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And Hydrogen Concen* ration is Greater Than 20%

This occurs when power is recovered before RPV failure and sprays are
available. This range of hydrogen concentration can be associated with
33% Zire Reacted sequences.- This case is assigned to those sequences ;

where the containment (Steam)-is 0-15%, the Fraction of Zire Reacted !

In-Vessel is 33%, the Event Type is SBO, Power is Recovered Before RPV |

Failure,_the Mode of RHR Spray Operation Early is Spray, and no Loss of j
'

Injection Early.

DET CF 0.025-
NO 0.975-

CASE 8. Con t ain.aen t Steam Concentration Lov
And Hydrogen Concentration Is Greater Than 20%

i

This occurs when the containment steam concentration is between 0-25%
and the Fraction of Zire Reacted is 33%.

DET CF 0.27-
'

NO 0.73

CASE 9. Containment Steam Concentration Lov
And Hydrogen Concentration Is 16-20%

| This occurs when the containment (Steam) is between 25-35% and the
l' Fraction of Zire Reacted is 33%.

DET CF 0.16
NO DET CF 0.84

!

CASE 10. Otherwise, Should Never Reach This Case

DET CF- 0.

|
NO 1.

Event-Dependenciest.- Event Type (Event 3), RPV Injection Failure Time (Event
6),-Offs 1te-Power Recovery Time (Event 7), Mode of RHR
Spray Operation Early (Event 18), Containment Steam
Concentration (Event 19), Fraction of Zirconium,

' Inventory Reacted In-Vessel (Event 20), Large H2 Burn
Ignited During Core Damage (Event 22).

Quantification Basis: Grand Gulf (Brown 1990) APET Events 18 and 44, and
Sequoyah Analysis (Volume 5 Rev 1 Part 1 Page 2.2, Part
2 Table A.3.1-1) page 15 and 16.

O.
EVENT 24. CONTAINMENT FAILURE BEFORE RPV FAILURE ,
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Two Branches:

FAILURE Containment Failure Before RPV Failure
NO FAILURE No Containment Failure Before RPV Failure

This event assigns a probability of 1 for failure to sequences with overpressure
failure prior to core damage and to sequences with hydrogen detonation failure.
For the hydrogen burns sequences remaining, this event compares the expected
peak hydrogen burn pressure ('rarameter 1 in APET event 22) with the Perry
Containment Fragility Curve (Reference section 4.4.3) using a user function and
returns the associated containment failure probability.

EVNTRE Ouestion Type: 6. (Dependent Event using previously defined parameters
and a User Function)

PROBABILITIES:

C,.SE 1. Containment Failed At Core Damage

FAILURE 1.
NO FAILURE 0.

CASE 2. Hydrogen Detonation Containment Failure {

FAILURE 1.
NO FAILURE 0.

CASE 3. Otherwise, For Those sequences Vith the Containment
Intact At Core Damage - Determine the
Probability of Containment Failure
Due To The Remaining Large Hydrogen Burns

USER FUNCTION: FAILURE NO FAILURE

If Peak Containment Pressure > 80 Psig 1. O.

> 75 0.98 0.02
> 70 0.90 0.10
> 65 0.69 0.31
> 60 0.39 0.61
> 55 0.15 0.85
> SO 0.036 0.966

|
Else 0. 1.

Event Dependenciest Containment Status At Core Damage (Event 2), and

|
Hydrogen Detonation Containment Failure (Svent 23).

Quantification Basis: Perry Nuclear Power Plant IPE Containment Capacity
Analysis, and IPE Engineering Calculation - Containment

| H.3 - 38
|

. _ _ _ _ __



. _

-

Fragility.

EVENT 25. MODE OF EARLY CONTAINMENT FAILURE BEFORE VESSEL FAILURE- V_ER_CF

Two Branches:

ANCHORAGE
Containment Anchorage Failure Mode

PEN-DOM /NO CF Containment Penetration or Dome Failure Mode,
Or No Containment Failure Mode

Given that the containment has failed as a result of a hydrogen burn, this event
failure. Theassigns a conditional probability for the mode of containment

conditional probability that is assigned _is dependent on the peak burn pressure
The user function assessed

(Parameter 1) and is evaluated in a user function.the conditional probability for each Perry failure mode based on the the Perry
Containment Capacity (Reference section 4.4.3.2) for rapid containment loading
conditions.

this succinct sorting of failure modes into just two categories can beNote that
used to characterize penetration / dome containment failure with a question asking

1) No Containment Failure, 2) Anchorage Containment Failure, andsequence of:
3) Containment Failure (which would provide the remaining Penetration / Domethen

containment failures).
O

EVNTRE Question Type: 6. (Dependent Event using previously defined parameter
and a user function)

PROBABILITIES:

CASE 1. Containment Failed At Core Damage

This case is for gradual steam overpressure failure prior to the
initiation of core damage.

ANCHORAGE 0.15
PEN-DOM /NO CF 0.85

CASE 2. Hydrogen Detonation Containment Failure

All detonation failures are considered to most likely occur in the dome
region and are assigned to penetration / dome failure or no containment
failure.

ANCHORAGE 0.
PEN-DOM /NO CF 1.

O CASE 3 No Containment Failure
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This sorting case assigns the no containment failure sequences.
-

ANCHORAGE 0.
PEN-DOM /NO CF 1.

CASE 4. Otherwise, The remaining sequences are
Hydrogen Deflagration Containment Failure

USER FUNCTION ANCHURAGE PENETRATION

If Peak Containment Pressure > 140 Psig 1. O.
> 130 0.98 0.02
> 120 0.95 0.05
> 115 0.90 0.10
> 110 0.85 0.15
> 105 0.78 0.22-
> 100 0.71 0.29
> 95 0.61 0.39
> 90 0.51 0.49
> 85 0.41 0.59
> 80 0.30 0.70
> 75 0.21 0.79
Else 0.15 0.85

Event Dependencies: Containment Status At Core Damage (Event 2), Hydrogen
Detonation Containment Failure (Event 23), and

Containment Failure Before RPV Failure (Event 24).

; Quantification Basis Perry Nuclear Power Plant IPE Containment Capacity
' -Analysis, and IPE Engineering Calculation - Containment

Failure Modes Conditional Probability.

H.3.4. INJECTION & SPRAY FAILURE DUE TO CONTAINMENT FAILURE BEFORE RPV FAILURE

This APET Group determines in Events 26 thru 29 the probability that containment
failure causes the loss of all RPV injection (assuming the RPV injection has not
previously failed) and the failure of RBR containment spray.

The two possible outcomes from this APET group are:

Injection and Spray Failure
No Failure

hEVENT 26. CONTAINMENT FAILURE BEFORE RPV FAILURE
IMPACT ON ECCS INJECTION & SPRAY PlPING - PIPE _ FAIL

H.3 - 40
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\- 'Two branches

FAILURE Failure of ECCS Injection &' Spray Piping
NO FAILURE No Piping Failure.

This event. assesses the probability that either the dynamic forces or movement i

of-the containme<u which occur during gross failure are sufficient to disrupt
'

the injection and spray system piping when the containment is intact at core
damage. Disruption of this piping is expected to be a serious threat for
containment anchorage failure.

EVNTRE Ouestion Type: 2. (Dependent Split Fractions)
1

!PROBABILITIES:

CASE 1. Anchorage Failure Mode Containment Failure
Vith the Cntmt Intact At Core Damage

Or Vith Criticel ATVS

Those sequences with the containment intact at core damage and those
associated with Critical ATVS and the containment not intact at core
damage are evaluated for impact to associated systems when anchorage
failure occurs before RPV Failure,

n -n 1

ihs / Note that the Plant Damage State event trees include this impact of
containment failure in the Late Injection Fault Trees for SB0 & LOOP

|
and OTHERS when the containment has failed due to overpressure prior to,

core damage initiation. Therefore these sequences are. excluded from
i

L this case.

FAILURE 0.9
NO FAILURE 0.1

CASE 2. Otherwise, For The Remaining Sequences
Default to No Failure

FAILURE 0.
NO FAILURE 1.

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), Mode of Containment Failure Before RPV
Failure (Event 25).

Quantification Basis: Containment Capacity Analysis (Gilbert / Commonwealth
1992) and engineering judgement.

.

EVENT 27. CONTAINMENT FAILURE BEFORE RPV FAILURE
I IMPACT ON ECCS INJECTION & SPRAY MOTORS - MTR_ FAIL

f
.
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Two branches:

FAILURE Failure of ECCS Injection & Spray Motors

NO FAILURE No Motor Failure.

This event assesses the probability that leakage of water, steam or hot gases
from containment into the Auxiliary Building which may occur at containment
failure cause failure of the ECCS injection and spray system motors.

EVNTRE Question Type 2. (Dependent Split Fractions)

FROBABILITIES:

CASE 1. Containment Failure
Vith the Containment Intact At Core Damage
Or Vith Critical ATVS
And No Piping Failure (Modeled in the Above Event)

Those sequences with the containment intact at core damage and those
associated with Critical ATVS and the containment not intact at core
damage are evaluated for impact to associated systems during anchorage
or penetration / dome containment failure before RPV failure. Those

sequences which are modeled above in Event 26 vith piping failure are
not evaluated in this case, since piping failure is considered a single
failure cutset.

Note that the Plant Damage State event trees include this impact of
containment failure in the Late Injection Fault Trees for SB0 & LOOP
and 0THERS vhen the containment has failed due to overpressure prior to
core damage initiation. Therefore these sequences are excluded from
this case.

FAILURE 0.5
NO FAILURE 0.5

CASE 2. Containment Heat Removal Vith Vent
Or Containment Not Isolated During SB0

Venting within the Fuel Handling Building may overpressurize low
pressure rated BISCO seals in the Shield Building penetrations (and
other plant valls) and provide a steam and radiation release path to
the in plant areas with firevater alternate injection lineup valves or
may release to the environment through doorways and building ceals to
the diesel driven firevater pump oil tank and the backup fire truck
engine.

FAILURE 0.05
NO FAILURE 0.95

O
CASE 3. Otherwise, For No Containment Failure And No Loss

11 . 3 - 4 2

|'
|



1

. :

|

:
Of Isolation - Default to No Failure.( e

%.|
FAILURE 0.
NO FAILURE 1.

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), Containment Isolated-(Event 5), Containment
Heat Ftmoval Vith Vent (Event 9), Containment Failure
Before RPV Failure (Event 24), Containment Failure
Before RPV Failure Impact on ECCS Injection and Spray
Piping (Event 26).

Quantification Basis Containment capacity Analysis (Gilbert /Commonvealth
1992) and engineering judgement.

EVENT 28. -CONTAINMENT FAILURE BEFORE RPV FAILURE
STEAM OR RADIATION RELEASE
IMPACT ON FIREVATER INJECTION - STH/ RAD

Two branches:-

FAILURE Failure of Firevater Injection

/~' NO. FAILURE No Failure
.%

Th'is event assesses the probability that leakage of steam or radionuclides from
containment will limit personnel access to the firevater system and result in
failure to perform. required local manual actions to initiate, or to assure
continued operation of the firevater alternate injection system.

EVNTRE Question Type 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. Containment Failure
With the Containment Intact At Core Damag -

~ Or Vith critical ATUS
And No Piping Failure

Those sequences with the containment intact at core damage and those
associated with Critical ATVS and the. containment not intact'at core
damage are evaluated for impact to associated systems during anchorage
or penetration / dome containment failure before RPV failure.. Those
sequences which are modeled above in Event 26 vith piping failure are
not evaluated in this case, since piping failure is considered a-single
failure cutset. Failure of the ECCS motor and firevater alternate
injection vill be considered a two failure cutset in the following

j -( gJ- summary event,
f-

_

r -

L
~ FAILURE 0.5
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NO FAILURE 0.5 {g

CASE 2. Containment Heat Removal Vith Vent
Or Containment Not Isolated During SB0

FAILURE 0.1
NO FAILURE 0.9

CASE 3. Otherwise, For Other Sequences

FAILURE 0.
NO FAILURE 1.

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), Containment Isolated (Event 5), Containment
Heat Removal Vith Vent (Event 9), Containment Failure
Before RPV Failure (Event 24), Containment Failure
Before RPV Failure Impact On ECCS Injection and Spray
Piping (Event 26).

Quantification Basis: Containment Capacity Analysis (Gilbert / Commonwealth
1992) and engineering judgement.

9.
EVENT 29. INJECTION & SPRAY FAILURE DUE TO CONTAINHENT FAILURE

BEFORE RPV FAILURE - INJ/SP_FL

Two branches

INJ & SPRY FAIL Failure of Injection & Spray

'NO FAILURE No Failure.

This event summarizes the results of the three APET events

EV'.TRE Question Type: 2. (Dependent Sorting Event)
.

SORTING:

CASE 1. ECCS Injection & Spray Piping Failure

Single failure modeled in Event 26, Containment Failure Before RPV
Failure Impact on ECCS Injection & Spray Piping.

INJ & SPRY FAIL 1.
NO FAILURE 0.

O
CASE 2. ECCS Injection And Alternate Injection Failure

H.3 - 44
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For the loss of all late injection include a two failure cutset-modeleo3-
in Event 28, ECCS Injection & Spray Motor Failures and in Event 29,
Firevater Injection Failuro.

INJ & SPRY FAIL 1.
NO FAILURE 0.

CASE-3. Othervise, For Other Remaining Sequences
Vhere All Injection Is Not Failed
Default to No Failure.

INJ & SPRY FAIL 0.
NO FAILURE 1.*

Event Dependencies: Previous three events (Event 26, 27, and 28).

Quantification Basis: Not Applicable.

H.3.5. DRYVELL FAILURE AT/NEAR RPV FAILURE

cr''g This APET Group in Events 38 thru 39 determines the probability of dryvell
.(_,/ failure at or near the time of RPV failure. A number of possible mechanisms

have been identified which may lead to dryvell failure at this time period.-

These include alpha mode steam explosion failures (which by definition fails the
dryvell and containment), an in-vessel steam explosion which fails the lover RPV
head, an ex-vessel steam explosion in the pedestal cavity, dryvell overpressure
failure,_and a large hydrogen burn in containment.

-The two possible outcomes from this APET group are,

'Dryvell Failure
No Dryvell Failure-

EVENT 30. ALPHA MODE STEAM EXPLOSION DRYVELL AND CONTAINHENT FAILURE - ALPHA

Two branches:

ALPHA _ Alpha Mode Failure
-NO ALPHA No Alpha Mode Failure

.

This event assesses the probability that an in-vessel steam explosion occurs
_vith sufficient energy to rupture the RPV upper head and create a missile with
sufficient energy to_ fail the dryvell and containment. The probability of anj- s

'-) in-vessel steam. explosion has been shown to be dependent on whether the RPV has
( been depressurized.

H.3 - 45
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The probabilities for alpha mode containment failure vere taken directly from
the Grand Gulf (Brown 1990) APET. These values are judged to be bounding values

i-rather than best est mates.

EVNTRE Question Type: 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. RPV Depressurized During Core Damage

ALPHA 0.01
NO ALPHA 0.99

|

CASE 2. Othervise, Sequences Vith RPV Not Depressurized

ALPHA 0.001
NO ALPHA 0.999

Event Dependencies: RPV Depressurized During Core Damage (Event 13).

Quantification Basis: Grand Gulf (Brown 1990) APET Event 58.

EVENT 31. MODE OF IN-VESSEL STEAM EXPLOSION BOTTOM HEAD RPV FAILURE - INV_EXPLN

Four Branches:

ALPHA -ALPHA Mode In-Vessel Steam Explosion
NO FAILURE No RPV In-Vessel Steam Explosion Failure
LARGE VF Large Bottom Head RPV Failure
SMALL VF Small Lover Head RPV Failure

This event assesses the probability that an in-vessel steam explosion occurs
with sufficient energy to rupture the lover head of the RPV. This event further
differentiates between large (2 square meters) and small (0.1 square meter)
vessel failure sizes. As noted previously the probability of an in-vessel steam
explosion being triggered has been shown to be deperident on the primary system
pressure.

EVNTRE Question Type: 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. Alpha Mode Failure

ALPHA 1.
NO FAILURE 0.
LARGE VF 0.
SMALL VF 0.
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CASE 2. Sequences Vith RPV Depressurized During Core Damage

A reviev of the NUREG/CR-4551 Grand Gulf APET (Brown 1090), the Steam
Explosion Review Report NUREG-lll6 (SERG 1985), cnd BVR Lover Head
Failure Assessment For CSNi Comparison Exercises (Rempe 1991) has
convinced the Perry IPE analysts that the probabilities for steam
explosion induced RPV botte iwad failure vere significantly
overestimated in NUREG/CR 4551. Consequently the Grand Gulf 4'.~,1

failure estimates vere reduced by a factor of 10.

ALPHA 0.
NO FAILURE 0.94
LARGE VF 0.034
SMALL VF 0.026

CASE 3. Otherwise, Remaining Sequences Vith
No Alpha Mode Failure
And RPV Not Depressurized

Reference the above discussion for case 2.

ALPHA 0.
NO FAILURE 0.993

.() LARGE VF 0.004
SMALL VF 0.003

b

Event Dependencies: RPV Depressurized During Core Damage (Event 13) and
Alpha Mode Steam Explosion Dryvell and Containment
Failure (Event 30).

Quantification Basist Grand Gulf (Brown 1990) APET Events 60 and 62, Steam
Explosion Reviev Group (SERG 1985), and BVR Lover Head
Failure Assessment For CSNI Comparison Exercises (Rempe
1991); and engineering judgement.

-EVENT 32. RPV FAILURE MODE AND FAILURE SIZE - AREA _ FAIL

Four Branches:

.

ALPHA ALPHA Mode In-Vessel Steam Explosion
NO FAILURE No RPV Failure - Debris Cooled In-Vessel

.LARGE VF Large Size Bottom Head RPV Failure
SMALL VF Small Size Bottom Lover Head'RPV Failure

1
i This event characterizes the RPV failure de and the vessel breach failure
l

-

size. .The Alpha mode failure, the large Itter head failure by in-vessel steam
- explosion, and the small lover head failure by in-vessel steam explosion

determined in the last APET event are similarly categorized here with regard to
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RPV failure size. If the debris is not cooled in-vessel, and the RPV has not
been previously failed by an Alpha n. ode failure or by a steam explosion induced
lover head failure, this event then determines the probability of large (2
square meters) and small (0.1 square meter) vessel failure sizes due to thermal
attack on the lover head.

EVNTRE Question Type 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. Alpha Mode Failure

ALPHA 1.
NO FAILURE 0.
LARGE VF 0.

-

SMALL VF 0.

CASE 2. In-Vessel Stean Explosion Large Bottom Head RPV Failure

ALPHA 0.
NO FAILURE 0.
LARGE VF 1.
SMALL VF 0.

In-VesselSteamExplosionSmallBottomHeadRPVFailurej gCASE 3.

ALPHA 0.
NO FAILURE 0.
LARGE VF 0.
SMALL VF 1.

-

CASE 4. Core Debris Cooled In-Vassel
And h?V Late Injection Available

-ALPHA 0.
NO FAILURE 1.
LARGE VF 0.
SMALL VF 0.

CASE 5. Otherwise, Core Debris Causes RPV Melt Thru Failure
Assign RPV Failure Size

ALPHA 0.
NO FAILURE 0.
LARGE VF 0.1
SMALL VF 0.9

Event Dependencies: Cooled In-Vessel (Event 15), Injection & Spray Failure
Due to Containment Failure (Event 29), Alpha Mode Steam
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1

-f ~S. Explosion Dryvell and Containment Failure (Event 30),-

-( ) and Mode Of In-Vessel Steam Explosion Bottom Head RPV
'~~

Failure (Event 31).

Quantification-Basist Grand Gulf (Brown 1990) APET Event 631 engineering
judgement based on a recent study of BVR lover head
failures (Rempe 1991).

Event 33. VATER IN PEDESTAL AT RPV FAILURE - PED _ VATER

Four Branches:
FLOOD a IHJ Flooded From Vier Flov and Continuing Injection
RPV + INJ Residual RPV Vater and Continuing Injection
FLOOD Flooded From Suppression Pool Vier Overflov
RPV VATER Residual RPV Vater Only

Vater in the reactor pedestal cavity at the time of RPV failure can impact the
accident progression in several vays. - Vith water in the pedestal cavity there
'is an increased potential for steam explosions (or rapid steam generation) which
may threaten the integrity of'the pedestal. Water in the cavity early also
enhances the possibility that the debris vill be coolable.

-

The branch definitions are summarized above. A flooded pedestal cavity occurs7-~ :

^j as a result of pressurization of the containment vetvell-(such as evaporation or;
boiling of the suppression pool, or-by a hydrogen burn), depression of the pool
level on-the vetvell side of the suppression pool and overflow of the
suppression pool into the dryvell. _ Continuous injection to the pedestal cavity
results from the addition of injection to the vessel following vessel breach.
Residual RPV vater-refers to-the water remaining in the RPV which is discharged
from the RPV coincidentally'(or following) expulsion of the core debris in the

-lover'RPV head.

'EVNTRE Question Type 2. -(Dependent Sorting Event)

SORTING:

CASE 1. Late In-Vessel Injection & Cavity Supply Available
And Cavity Flooded Due To SB0 Vith Long Term Injection
Or Large' Hydrogen Burn

FLOOD + INJ 1.
RPV + INJ 0.
FLOOD 0.
RPV VATER 0.

CASE 2.- Late In-Vesnel Injection & Cavity Supply Not Available
)'' ' _ Or Cavity Flooded Due To SB0 Vith Long Term Injection

And Cavity Flooded By A Large Burn Dur$ng Core Damage,
s
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FLOOD + INJ 0.
RPV + INJ 0.
FLOOD 1.
RPV VATER 0.

CASE 3. Late In-Vessel Injection & Cavity Supply
Remains Available And Cavity Not Flooded

FLOOD + INJ 0.
RPV + INJ 1.
FLOOD 0,

RPV VATEP. O.

CASE 4. Othervi. For Remaining Sequences
Res* dual RPV Vater Only Is Available

FLOOD + INJ 0.
RPV + INJ 0.
FLOOD 0.
RPV VATER 1.

Event Dependencies: Event Type (Event 3), RPV Injection Failure Time (Event
6), Late In-Vessel Injection Available (Event 12), Large
H2 Burn Du11ng Core Damage (Event 22), Injection & Spray
Failure Due to Containment Failure Before RPV Failure
(Event 29).

Quantification Basis: Vith no uncontrolled hydrogen combustion phenomena,
flooding of the cavity due to a heated suppression pool
vill only occur during a SB0 vith long term injection
(past 11 hours) due to the differential pressure between
containment and the dryvell since-the Dryvell vacuum
breaker isolation valves are closed. All other
transients vill have the Dryvell Vacuum Breaker
Isolation Valves open.

EVENT 34. PEDESTAL FAILURE DUE TO OVERPRESSURE AT RPV FAILURE - PED _0P

TVo Branches:-

PED FAIL Pedestal Failure Due to Overpressurization

NO FAIL No Pedestal Failure

Given that the debris is not cooled in-vessel, and that the RPV has r.0t been

previously failed by an ALPHA mode failure, this event determines the
. probability of of overpressurization of the pedestal resulting from the
depressurization of the RPV and the quenching of the debris.
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- MAAP calculations indicate that the pedestal integrity may be challenged from
overpressure at the time of RPV failure under the following conditions:

1) High RPV pressure and a large RPV breach size (on the order of 2
square meters).

2) High RPV pressure and any RPV breach site with vater in the
pedestal cavity-at RPV failure.

3) Lov RPV pressure, a large RPV breach and Vater in the pedestal
cavity at RPV failure.

-)

The peak pedestal pressures which vere observed in the MAAP calculations are
-summarized in Table H.3.3-1.

In NUREG/CR-4551 it was estimated that tha median (differential) failure
pressure for the Grand Gulf Mark III pedestal (which is similar in design to
Perry) would be 188 psi. Consideritig the results shown on Table H.3.3-1 and
assuming 188 psi as the failure pressure for quasi-static loading, the following
cases vere evaluated in the Perry APET for pedestal overpressurization.

EVNTRE Question Type 2. (Dependent Sorting Events)

CASE 1. No RPV Failure Vith Debris Cooled In-Vessel

PEDESTAL FAIL 0.
NO FAILURE 1.

%

CASE 2. RPV Not Depressurized At RPV Failure
~

And Pedestal Cavity Flooded

PEDESTAL FAIL 1.
NO FAILURE 0.

CASE 3. RPV Not J2ptessutized At RPV Failure
And Large PPV Failure Size

,

PEDESTAL FAIL 1.
NO FAILURE 0.

CASE 4. RPV Not Depressurized At RPV Failure,
No Vater in Pedestal Cavity From Flooding,
And Small RPV Failuro Size

PEDESTAL FAIL 0.
9- NO FAILURE 1.
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CASE 5. RPV Depressurized At RPV Failure ho
Pedestal Cavity Flooded *

And Large RPV Failure Si,<e

= PEDESTAL FAIL 1.
NO FAILURE 0.

CASE 6. Remaining Sequences Vhere RPV Is Depressurized

PEDESTAL FAIL 0.
NO FAILURE 1.

>

CASE 7. Otherwise, should Never Reach This Case.

PEDESTAL FAIL 0.
NO FAILURE 1.

Event Dependencies: RPV D pressurized During Core Damage (Event 13), RPV
Failure Mode And Failure Size (Event 32), Vater in
Pedestal At RPV Failure (Event 33), .

Quantification Basis: Grand Gulf (Brvvn 1990) APET Questions 71 and 74. IPE
Engineering Calculation - MAAP Analysis of Pedestal |hOverpressure (reference TABLE H.3.3-1).

EVENT 35. PEDESTAL CAVITY EX-VESSEL STEAM EXPLOSION - STM_EXP

Two Branches:

STM EXPLOSION Large Ex-vessel Steam Explosion
NO EXPLOSION No Large Ex-vessel Steam Explosion

This event assesses the probability of a large steam explosion occurring in the
pedestal cavity following vessel failure. For sequences where the debris is
cooled in-vessel and lover head failure does not occur, then an ex-vessel steam
explosion will not occur. For sequences where an in-vessel steam explosion has
failed the vessel, it is assumed that a large ex-vessel steam explosion cannot
occur.

EVNTRE Question Typer 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. No RPV Failure Vith Debris cooled In-Vessel gg
STM EXPLOSION 0.
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.

g''S NO FAILURE 1.

Q)
CASE 2. No Vater In Pedestal Cavity Before RPV Failure

STM EXPLOSION 0.
NO EXPLOSI9N 1.

CASE 3. In-Vessel Steam Explosion Already Failed RPV,
Therefore Assume Large Ex-Vessel Steam
Explosion Cannot Occur

STM EXPLOSION C.
NO EXPLOSION 1.

-CASE 4. Otherwise For All Remaining Sequences
Vith Vater In Pedestal Cavity At RPV Failure
A Large Ex-Vessel Steam Explosion May Occur

STM EXPLOSION 0.86
NO EXPLOSION 0.14

Event Dependencies: Mode of In-Vessel Steam Explosion Bottom 4aad RPV
[- ) Failure (Event 31), RPV Failure Mode And failure Size
\- ' (Event 32), Vater in Pedestal At RPV Failure (Event 33).

Quantification Basist Grand Gulf (Brown 1990) APET Question 67.

EVENT 36. PEDESTAL FAILURE DUE TO STEAM EXPLorTON - PED _EXP
~

Two Branches:

PEDESTAL FAIL Pedestal Failure Due to Steam Explosion
NO FAILURE No Pedestal Failure Due To Steam Explosion

This event assesses the probability of a steam explosion failing the pedestal.
Two failure mechanisms are considered. If an in-vessel steam oxplosion has
caused a large breach in the lover reactor vessel head then it is considered
possible that a.large missile could be created (from part of the vessel lower
head) which could cause failure in the pedestal vall. The second failure
mechanism involves a steam explosion in the lover pedestal cavity which
generates a shock wave which exceeds the impulse load capacity of the pedestal
vall.

/''N EVNTRE Question Type 2. (Dependent Split Fractions)
\.-) i

PROBABILITIES:

11 . 3 - 5 3 )
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CASE 1. In-Vessel Steam Explosion
caused Large Bottom llead Failure

PEDESTAL FAIL 0.05
No FAl'.URE 0.95

CASE 2. lio Ex-Vesse) Steam Explosion

PEDESTAL FAIL 0.
NO FAILURE 1.

CASE 3. Otherwise, All Rema. Ing Sequences Are
Ex-Vessel titeam Expl.osion

Grand Gulf N'AEG/CR-4551 (Brown 1990) assumed a conditional protability
of 0.5 for pedestal failure given a steam 6;tplosion in the lover
pedestal cavity. Based on a review of NUREG/CR-4551 and NUREG-1116,
this estiinate appears exceptionally high. The Perry IPE reduced the
Grand Gulf NUREG/CR-4551 failure estimate by a factor of 10 for the
Perry APET best-estimate.

PEDESTAL FAIL 0.05
NO FAILURE 0.95

O
Eva - 7ependenciest Mode of In "essel Steam Explosion Bottom Head RPV

Failure (Event 31), and Pedestal cavity Ex-Vessei Steam
Explosion (Event 35).

Quantification Basist r.ad Gulf (Brown 1990) APET Ouestion 75. The Steam
..posion Reviev Group Report (SERG 1985), NUREG-1116.

EVENT 37. DRYVELL FAILURE DUE TO PLDESTAL FAILURE - DV_ PED

Two Branchest

DRYVELL FAIL Dryvell Failure Due To Pedestal Failure
NO Ff.ILURE No Dryvell Frillure Due To Pedestal Failure

Given that pedestal failure has occurred this event assesses the probability'

that pedestal failure causes loss of dryvell integrity.

EVNTRF Ouestion Type: 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. Pedestal Failure From Other Than Alpha Mode Failure
,
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- O) - This case includes pedestal failure due to overpressure at RPV failure('" and pedestal failure due to steam explosions.

DRYVELL FAIL 0.175
NO FAILURE 0.825

CASE 2. Otherwise, For the Remaining No Pedestal Failure
Sequences, the Default is No Dryvell Failure

i

DRYVELL PA1L 0.
NO FAILURE 1.

|
|

Event Dependenciest redestal Failure Due to Overpressure At RPV Failure I

(Event 34), and Pedestal Frilure Due To Steam Explosion
_(Event 36).

Quantification Basist Grand Gulf (Brovn 1990) APET Question 76. ;

|
1

EVZfft 30. DRYVELL OVERPRESSURE FAILURE AT RPV FAILURE - DV_0P .

Two Branches

V DrtYVELL FAIL Dryvell Overpressure Failure
NO FAILURE No Dryvell Overpressure Failure

,

|

This event assess the probability that dryvell overpressure failure vill occur
following RPV failure. In order for dryvell pressurization to challenge dryvell
integrity the RPV must be at high pressure at vessel failure and the vessel
breach size must be large.

EVNTRE Question Types 2. (Dependent Split Fractions)

.
FROBADILITIES:

CASE 1. No RPV Failure Vith Debris Cooled In-Vessel

DRYVELL FAIL 0.
No FAILURE 1.

L

CASE 2. RPV Not Depressurized At RPV Failure
And Large RPV Failure Site

DRYVELL FAIL 0.01
NO FAILURE O.99
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CASE 3. Othervise, the Remaining Sequences
Default to No Dryvell Failute

"RYVELL FAIL 0.
No FAILURE 1.

EVENT DEFENDENCIES: RPV Depressurized During Core Damage (Event 13), RPV
Failure Mode And Failure Size (Event 32).

.

QUANTIFICATION BASIS: Grand Gulf (Brown 1990) APET Questions 19 and 70. IPE
Containment Capacity Analysis (Gilbert / Commonwealth
1992).

EVENT 39. DRiVELL FAILURE AT/NEAR PPV FAILURE - EARLY_DV

Two Branches:

DRYVELL FAIL Dryvell allure
NO FAILURE No Dryvell Failure

This summary event assess the probability that dryvell failure vill occur
following RPV failure. Inis event considers dryvell failure resulting from
alpha mode steam explosions, pedestal failure, and overpressure failure. ||||
EVNTRE Question Type: 2. (Dependent Sorting Event)

SORTING:

CASE 1. No RPV Failure Vith Debris Cooled In-Vessel

DRYUELL FAIL 0.
NO FAILURE 1.

CASE 2. Dryvell Failure Due To Alpha Failure, Pedestal Failure,
Or Dryvell Overpressurization Failure

DRYVELL FAIL 1.
NO FAILURE 9.

CASE 3. Othervise, the Remaining Sequences
Default to No Dryvell Failure

DRYVELL FAIL 0.
NO FAILURE 1.

EVENT DEPENDENCIES: Alpha Mode Steam Explosion Dryvell and Cont' inment
Failure (Event 30), RPV Failure Mode and RPV Failure

11 . 3 - 5 6
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2'') Sire (Event 32), Dryvell Failure Due To Pedestal (Event
(m/ 37), and Dryvell Overpressure Failure At RPV Failure

(Event 38).

H.3.6. HOP O ' MNTAINMENT FAILURE AT/NEAR RPV FAILURE
,

This APET Group dete mines with Events 40 thru 45 the probability of containment
failure, and for containment fullure, assigns the mode of containment failure at
(or within a few hours of) reactor pressure vessel failure. Containment failure
at RPV failure can potentially result from a combination of energetic processes
and events which may occur at reactor vessel breach. These processes and events
include hydrogen combustion and a large in-vessel steam explosion causing an
alpha mode containment failure.

,

For the Perry APET, steam explosion induced (alpha mode) containment failures
are also considered to result in a catastrophic rupture of the containment.
Postulated alpha mode cottainaent failures result from large coherent in-vessel
steam explosions which-fails the reactor vessel and generates a missile (from
part of the reactor vessel upper head) with sufficient mass and energy to fail
(the dryvell and) containment. .There is a substantial body of evidence to
suggest that in-vessel steam explosions do not represent a credible threat to
early containment failure (i.e., the probability of early containment failuro

r-~g from in-vessel steam explosions is negligibly small). This opinion appears to be
(j shared by the authors of Appendix 1 to Generic Letter 88-20. Ilovever, it this

event should occur, it can result in a large and early environmental
releases. Therefore, this event is included in the Perry IPE APET.

Experimental evidence and calculations have shown that steam explosions are
unlikely at elevated pressure, subsequently the probaF#'ity of an alpha mode
containment failure should be significantly less for h. pressure sequences
than-for low pressure sequences.

This event is dependent on the following Events in the Perry APET.

EVENT 40. CONTAINP.ENT STEAM CONCENTRATION AT/NEAR RPV FAILURE - ST_VB

Six Branches

0-15 % Containment Steam volume Percent
15-25 %
25-35 %

("' 35-45 %
~

45-55 %
> 55 %
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[

This branch assesses the containment steam concentration at or near RPV failure
(from the time of RPV failure to I hour aftervards). The probability of
hydrogen burn ignition and the efficiency of the burn (considered in subsequent
events) are dependent upon the branch taken under this heading. The containment
steam concentration is a function of the mode of spray operation, the sequence
type, the time of injection failure and whether the containment is intact at
core damage. The steam concentrations regime probabilities given for the cases
belov vere estimated using MAAP results for each case.

EVNTRE Question Typet 2. (Dependen! Split Fractions)

PRODABILITIES:

CASE 1. Spray Loop Operation At Design Cooling

Vith a containment spray loap operating at design cooling with
containment heat removal optimited with the Residual Heat Removal heat
exchanger, the steam concentration vould be lov.

0-15 % 1.

| 15-25 % 0.
25-35 % 0.
35-45 % 0.
45-55 % 0.

>55 % 0.

I CASE 2. SB0 And No Injection Failure Early (0- 2.8 Hrs)
i

! 0-15 % 1.
! 15-25 % 0,

l 25-35 % 0.
35 45 % 0.
45-55 % 0.

>55 % 0.

CASE 3. SB0 And RCIC Injection Failure (2.8-4.2 Hrs)

| 0-15 % 0.
I 15-25 % 0.44

25-35 % 0.56
35-45 % 0.
45-55 % 0.

I >55 % 0.

CASE 4. SB0 And HPCS Injection Failure () 4.2 Hrs)

0-15 % 0.
15-25 % 0.
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25 55 % 0.
35-45 % 0.
45-55 % 0.

>55 % 1.

CASE 5. Containment Failed At Core Damage

0-15 % 0.
15-25 % 0.
25-35 % 0.
35 45 % 0.
45-55 % 0.

>55 % 1.

CASE 6. Otherwise, All Other Sequences
Default to Lov Steam Concentration

All other sequences are conservatively evaluated by assuming a lov
steam concentration.

0-15 % 1.
15-25 % 0,

25-35 % 0.
35-45 % 0.

O 45-55 % 0.
>55 % 0.

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), RPV Injection Failure Time (Event 6), and
Mode of RHR Spray Operation Early (Event 10).

Quantification Basis: IPE Engineering Calculation - Hydrogen Burns (with MAAP
3.0B Rev 7.02 using " Recommended Sensitivity Analyses
For An IPE Using HAAP 3.0D" (EPRI 1991)].

EVENT 41. FRACTION ZIRCONIUM INVENTORY REACTED AT/NEAR RPV FAILURE - H2_VB

Three Branches:

33 % Core Inventory Zirconium oxidized
22 %
11 %

The fraction of zirconium reacted in-vessel and during RPV failure blevdown is
used to determine the concentration of hydrogen in containment at/near RPV
failure (from the time of RPV failure to an hour afterwards). Three discrete
regimes are used to represent the range of zirconium oxidation. These regimes
are representative of the amounts estimated in the Grand Gulf Analysis (Brovn
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1990) and for Perry specific HAAP calculations. The Perry IPE HAAP calculations
implemented the best-estimate valuet for the model parameters discussed in the
" Recommended Sensitivity Analyses For An Individual Plant Examination Using HAAP
3.0B" (EPRI 1991). The IDCOR BVR " blockage" model of Local Blockage option vas
considered more likely and the No Blockage option less likely, and a probability
of 0.8 and 0.2 vas assigned to each option, respectively. These results vere

,

used to define the split fractions shovn belov.
,

EVNTRE Ouestion: Type 2. (Dependent Split Fractions)

PROBABILITIES:

CASE 1. SB0 And No Injection Failure Early (0 - 2.8 Hrs)
_

11 % 1.
22 % 0.
33 % 0.

CASE 2. SB0 And RCIC Injection Failure (2.0 - 4.2 Hrs)

11 % 0.69
22 % 0.31
33 % 0.

4

CASE 3. SB0 And HPCS Injection Failure ( > 4.2 Hrs)

11 % 0.79
22 % 0.21

.

33 % 0.
-

CASE 4. Othervise, All Other Remaining Sequences Conservatively
Default to SB0 And RCIC Injection Failure

11 % 0.69
22 % 0.31
33 % 0.

Event Dependencies: Event Type (Event 3), and RPV Injection Failure Time
(Event 6).

Quantification Basis: IPE Engineering Calculation - Hydrogen Burns [vith MAAP
3.0B Rev 7.02 using " Recommended Sensitivity Analyses
For An IPE Using HAAP 3.0B" (EPRI 1991)].

I

For comparison reference Grand Gulf (Brown 1990) APET
Event 35.

O
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EVENT 42. IlYDROGEN IGNITION SOURCES AVAILABLE AT/BEFORE RPV TAILURE - IG_SOURC

Two Branches:

NO IGN SOURCE No flydrogen Ignition Sources
IGNITN SOURCE Ilydrogen Ignition Sources Available

Vith a centinuous ignition source available in containment (at the time of RPV
failure) it is assumed that controlled hydrogen combustion (or small hydrogen
burns) vill preclude the build-up of hydrogen concentrations whose combustion
vould threaten containment integrity. A continuous ignition source is assumed
to be available if the hydrogen ignition system is operating or if a burn in
containment has already occurred during core damage. In the latter situation it
is assumed that the prior burn which has occurred vill result in ignition of
combustible materials in containment which vill act as ignition sources. This
event also includes a recovery of the human interaction, Operator fails to
initiate-flydrogen Ignition System.

EVNTRE Ouestion Type 2. (Dependent Split h actlonr)

PROBADILITIES:

CASE 1. Hydrogen Ignition System Available Before RPV Failure

NO IGN SOURCE 0.
IGNITN SOURrE 1.

CASE 2. No Loss Of AC Pover,
Operator Failure To Inltinte Hydrogen Ignition System,
And Recovery of flydrogen Ignitors

Vhen AC power is never lost, a nominal screening value is assigned to
the recovery of the human interaction, Operator Fails To initiate
Hydrogen Ignition System, 4.ncluded in Event 16, Hydrogen Ignition
System Available. For the loss of all injection sequence the expected
containment hydrogen concentration at vessel failure vould be < 4%
(which is the SAFE region of the PEI Hydrogen Deflagration Overpressure
Limit) and the recovery of Hydrogen Ignitors at RPV failure (1.8 hours
into the sequence and 1.3 hcurs after the Level I cue) is very likely.
For a sequence like loss of RCIC at 2.8 hours, when hydrogen generation
commences a rapid increase in hydrogen concentration to above the
Hydrogen Deflagration Overpressure Limit may occur in a half hour
interval. However, recovety of flydrogen Ignitors for a loss of RCIC
transient with AC power is supported by the relatively long period of
time from the Level I cue at about 4 hours to 2200 F maximum fuel clad
temperature when hydrogen generation commences actively at 1.5 hours.

Since time vindows greater than an hour generally exist for Perry IPE
sequences for recovery of Hydrogen Ignitors and hydrogen analyzers are
available for hydrogen cone.entration information, a screening value'

human error probability of 0.1 is conservatively assigned for this
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case. |h
NO IGN SOURCE 0.1
IGNITN SOURCL 0.9

CASE 3. Hydrogen Burns Before RPV Failure

Both large and small hydrogen burns are included.

NO IGN SOURCE 0.
IGNITN SOURCE 1.

4

|

CASE 4. Otherwise, for Remaining Sequences
No Continuous Ignition Source Is Available

NO IGN SOURCE 1.
IGNITN SOURCE 0. i

|
+

EVENT DEPENDENCIES: Event Type (2 vent 3), Hydrogen Ignition System Available
(Event 16), Small H2 Burns At Lov H2 Concentrations
(Event 21), and Large H2 Burn During Core Damage (Event
22).

QUANTIFICATION BASIS: IPE Human Interaction Technical Assignment File, IPE |hEngineering Calculation - HAAP Accident Progression
Analyses, Perry Plant Emergency Instruction, and
Discussion with Operation and Chemistry Staff.

Event 43. HIGH PRESEURE HELT EJECTION AT RPV FAILURE

Two Branches:

HPHE High Pressure Helt Ejection
NO HPHE No High Pressure Helt Ejection

This event assesses whether a high pressure melt ejection occurs from the
reactor pedestal cavity following vessel failure. For HPHE to occur the RPV
pressure must be elevated (above seseral hundred psi) at the time of vessel
failure. HPHE involves the entrainment and fragmentation of the debris in the
pedestal cavity and transport of the debris throughout the dryvell. If the
dryvell has failed, then an HPHE event can provide an ignition source for
hydrogen in the containment.

EVNTRE Question-Type 2. (Dependent Split Fractions) g

PROBABILITIES:
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(Q CASE 1. No RPV Failure Vith Debris Cooled in-Vessel

No HPHE occur when the debris is cooled in-vessel with no subsequent
RPV injection failure.

HPHE 0.
NO HPHE 1.

CASE 2. RPV Depressurized During Core Damage

HPHE 0.
NO IIPME 1.

CASE 3. Othervice For Remaining Sequences
RPV Failure At High Pressure
And ilPHE Hay Occur

HPHE 0.8
NO HPHE 0.2

Event Dependenciest RPV Depressurized During Core Damage (Event 13), RPV
Failure Mode and Failure Size (Event 32).OV Quantification Basist Grand Gulf (9rown 1990) APET Event 64

Event 44. LARGE HYDROGEN BURN IGNITFD AFTER RPV FAILURE - LG,BRN

Two Branches

NO BURN IGN No Large Hydrogen Burn
LG BURN IGN Large Hydrogen Burn Ignited

This event assess whether.a large hydrogen burn is ignited in containment
-following RPV failure. If.a continuous ignition source is available (as defined
in event 42) then a large hydrogen burn is assumed to be prevented. Also if the
steam concentration in above 55% then the containment atmosphere is inert to

|| _ hydrogen burns. The probability that a-hydrogen burn is ignited is a function
of'the following parameters:

1. Containment Steam Concentration,
. 2. Containment Hydrogen Contentration
1 (or-the fraction of zirconium reacted)
! 3. Dryvell Failure,

'

4. High Pressure Melt Ejection,.
| S. . AC Power Recovery.

- Forty eight cases (various combinations of the parameters listed above are
identified to perform the quantification). In addition to assessing the

l
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probability of ignition this event also sets tvo parameter values which are used
by subsequent events: peak hydrogen burn pressure (parameter 2), and containment '

base pressure before the burn (paran.eter 4). Table 11.3.5-1 shows the results of
'the hydrogen pressure calculation and the input for each case where a large

hydrogen burn was predicted to occur, and probability assigned for ignition of a
large born.

EVNTRE Question Typet 4. (Dependent Split Fraction with parameter values
set for each case.)

PROBABILITIES:

CASE 1. Ilydrogen Ignition Sources Available Early At RPV Failure

NO BURN IGN 1.
LG BURN IGN 0. BASE PRESS 0 PEAR PRESS 0

CASE 2. Containment Steam Concentration Is Greater Than $$%

NO BURN IGN 1.
LG BURN IGN 0. BASE PRESS 0 PEAK PRESS 0

CASE 3. Containment Steam [0-15%], 33% Zire Reacted, And
Dryvell Pallure Or AC Pover Recovery. '12 . [ 21. 7%)

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 13 PEAK PRESS 147

CASE 4. Containment Steam [0-15%), 33% Zire Reacted,
And High Pressure Melt Ejection. H2 = [21.7%]

NO BURN IGN 0.37
LG BURN IGN 0.63 BASE PRESS 17 PEAK PRESS 151

CASE 5. Containment Steam [0-15%), 33% Zire Reacted, And
No DV Failure, or No AC Pover, or No HPHE. H2 - [21.7%)

NO BURN IGN 0.51
LG BURN IGN 0.49 BASE PRESS 13 PEAK PRESS 147

CASE 6. Containment Steam [15-25%), 33% Zire Reacted, And
Dryvell Failure or AC Power Recovery. 132 - [18.8%)

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 20 PEAK PRESS 131
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-( ) CASE 7. Containment Steam (15-25%), 33% Zire Reacted, And
High Pressure Melt Ejection. 112 . [ 1 8 . 8 % ]

NO BURN IGN 0.37
LG BURN IGN 0.63 BASE PRESS 24 PEAK PRESS 135

'

CASE 8. Containment Steam [15-25%), 33% Zire Reacted, And
No DV rallure or No AC Power or No HPHE. 112 - [ 1 8 . 8 % )

NO BURN IGN 0.$1 i

LG BURN IGN 0.49 BASE PRESS 20 PEAK PRESS 131 '

CASE 9. Containment Steam [25-35%], 33% Zirc Reacted, And
Dryvell Pailure Or AC Power Recovery. H2 [16.4%)

NO BURN IGN 0. '

LG BURN IGN 1. BASE PRESS 26 PEAK PRESS 120
.

CASE 10. Containment Steam [25-35%), 33% Zire Reacted, And
fligh Pressure Melt Ejection. H2 = [16.4%)

NO BURN IGN 0.37

O LG BURN IGN 0.63 BASE PRESS '30 PEAK PRESS 124

CASE 11. Containment. Steam [25-35%), 33% Zire Reacted, And
No DV Failure or No AC Power or No HPME. H2 = [16.4%]

NO BURN IGN 0.51
LG BURN IGN 0.49 BASE PRESS 26 PEAK PRESS 120.

CASE 12. Containment Steam |35-45%), 33% Zire Reacted, And-
Dryvell Failure Or AC Power Recovery. H2 = [14.1%]

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 35 PEAK PRESS 113

CASE 13. Containment Steam [35-45%), 33% Zire Reacted, And
liigh Pressure Melt Ejection. 112 = [14.1%)

NO BURN IGN 0.44
LG BURN IGN 0.56 BASE PRESS 39 PEAK PRESS 117

, . CASE 14. Containment Fteam 135-45%), 33% Zire Reacted, And

'( ) No DV Failure or No AC Power or No llPHE. H2 - [14.1%]

NO BURN IGN .62
.
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l

|

LG BURN IGN .38 BASE PRESS 35 PEAK PRESS 113

CASE 15. Containment Steam (45-55%), 33% Zire Reacted, And
Dryvell Pallure Or AC Power Recovery. !!2 = [11.7%)

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 46 PEAK PRESS 109

CASE 16. Containment Steam (45-55%|, 33% Zire Reacted, And
fligh Pressure Helt Ejection. H2 = [11.7%]

NO BURN IGN 0.57
LG BURN IGN 0.43 BASE PRESS 50 PEAK PRESS 113

CASE 17. Containment Stear (45-55%), 33% Zire Reacted, And
No DV Pailure or No AC Power or No HPHE. 112 = [11.7%)

| NO BURN IGN 0.72
l

LG BURN IGN 0.28 BASE PRESS 46 PEAK PRESS 109

CASE 18. Containment Steam [0-15%), 22% Zire Reacted, And
Dryvell Failure Or AC Power Recovery. H2 = [15.7%)

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 11 PEAK PRESS 104

CASE 19. Containment steam [0-15%), 22% Zire Reacted, And
High Pressure Helt Ejection. H2 - [15.7%)

NO BURN IGN 0.44
LG BURN IGN 0.56 PASE PRESS 15 PEAK PRESS 108

CASE 20. Containment Steam [0-15%|, 22% Zire Reacted, And
No DV Failure or No AC Power or No HPHE. H2 - [15.7%)

NO BURN IGN 0.62
LG BURN IGN 0.38 BASE PRESS 11 PEAK PRESS 104

CASE 21. Containment Steam [15-25%), 22% Zire Reacted And
Dryvell Failure Or AC Power Recovery. H2 = [13.6%]

NO BURN IGN 0.
LG BUILI IGN 1. BASE PRESS 17 PEAK PRESS 94.3

CASE 22. Containment Steam [15-25%), 22% Zire Reacted And
High Pressure Melt Ejection. H2 - [13.6%)
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() NO BURN IGN 0.44
LG BURN IGN 0.56 BASE PRESS 21 PEAK PRESS 98.3

CASE 23. Containment Steam [15-25%), 22% Zire Reacted, And
No DV Failure or No AC Power or No HPME. H2 = [13.6%]

NO BURN IGN 0.62
LG BURN IGN 0.38 BASE PRESS 17 PEAK PRESS 94.3

CASE 24. Containment steam [25-35%), 22% Zire Reacted, And
Dryvell Failure Or AC Power Recovery. H2 = [11.9%]

- _ .

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 23 PEAK PRESS 83.3

CASE 25. Containment Steam [25-35%), 22% Zirc Reacted, And
High Pressure Melt Ejection. H2 = [11.9%]

N0 SURN IGN 0.57
LG BURN IGN 0.43 BASE PRESS 27 PEAK PRESS 87.3

O. CASE 26. Containment Steam [25-35%], 22% Zire Reacted, And
No DV Failure or No AC Power or No HPME. H2 . [11.9%]

NO BURN IGN 0.72
LG BURN IGN 0.28 BASE PRESS 23 PEAK PRESS 83.3

CASE 27. Containment Steam [35-45%), 22% Zire Reacted, And
"

Dryvell Failure Or AC Power Recovery. H2 - [10.2%]

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 31 PEAR PRES 3 80.8

CASE 28. Containment Steam [35-45%], 22% Zire Reacted, And
High Pressure Melt Ejection. H2 [10.2%)

NO BURN IGN 0.57
LG BURN IGN 0.43 BASE PRESS 35 PEAK PRESS 04.8

CASE 29. Containment steam [35-45%), 22% Zire Reacted, And
No DV Failure or No AC Power or No HPME. H2 - [10.2%)

NO BMW 'GN 0.72
LG BL( . s.N 0.28 BASE PRESS 31 PEAK PRESS 80.4
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CASE 30. Containment Steam [45-55%], 22% Zire Reacted, And
Dryvell Failure Or AC Power Recovery. H2 = [ 8.5%]

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 41 PEAK PRESS 80.8

CASE 31. Containment Steam |45-55%), 22% Zire Reacted, And
High Pressure Helt Ejection. H2 = [ 8.5%]

NO BURN IGN 0.57
LG BURN IGN 0.43 BASE PRESS 45 PEAK PRESS 84.8

CASE 32. Containment steam (45-55%), 22% Zire Reacted, And
No DV Failure or No AC Power or No llPHE. H2 = { 8.5%)

NO BURN IGN 0.72
LG BURN IGN 0.28 BASE PRESS 41 PEAK PRESS 80.8

CASE 33. Containment Steam (0-15%), 11% Zire Reacted, And
Dryvell Failurc Or AC Power Recovery. 112 = [ 8.6%]

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 8.4 PEAK PRESS 38.2

O
CASE 34. Containment Steam 10-15%), 11% Zire Reacted, And

High Pressure Melt Ejection. H2 = [ 8.6%]

NO BURN IGN 0.57
LG BURN IGN 0.43 BASE PRESS 12.4 PEAK PRESS 42.2

CASE 35. Containment Steam 10-15%), 11% Zire Reacted, And
No DV Failure or No AC Pover or No HPHE. H2 -. [ 8.6%]

NO BURN IGN 0.72
LG BURN IGN 0.28 BASE PRESS 8.4 PEAK PRESS 38.2

CASE 36. Containment Steam [15-25%), 11% Zire Reacted, And
Dryvell Failure Or AC Power Recovery. H2 = [ 7.4%)

N0 BURN IGN 0.
LG BURN IGN 1. BASE PRESS 14 PEAK PRESS 36.2

CASE 37. Containment Steam [15-25%], 11% Zire Reacted, And
High Pressure Helt Ejection. H2 = [ 7.4%]

NO BURN IGN 0.71
LG BURN IGN 0.39 BASE PRESS 18 PEAK PRESS 40.2

i
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CASE 38. Containment Steam [15-25%), 11% Zire Reacted, And
No DV Pallure or No AC Pover or No HPHE. H2 = [ 7.4%]

NO BURN IGN 0.79 1

LG BURN IGN 0.21 BASE PRESS 14 PEAK PRESS 36.2 !
,

,

CASE 39. Containment steam [25-35%), 11% Zire Reacted, And
Dryvell Failure Or AC Power Recovery. H2 . [ 6.5%] ;

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 19 PEAK PRESS 37.3

CASE 40, Containment Steam [25-35%], 11% Zire Reacted, And
High Pressure Helt Ejection. H2 [ 6.5%]

NO BURN IGN 0.71
',

LG BURN IGN 0.29 BASE PRESS 23 PEAK PRESS 41.3
,

iCASE 41. Containment Steam (25-35%), 11% Zire Reacted, And
No DV Failure or No AC Power or No HPHE. H2 [ 6.5%)

() NO BURN IGN 0.79
LG BURN IGN 0.21 BASE PRESS 19 PEAK Pp;oa 37.3

CASE 42. Containment Steam [35-45%), 11% Zire Reacted, And
Dryvell Failure Or AC Power Recovery. H2 = [ 5.6%]

NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 27 PEAK PRESS 40.8

CASE 43. Containment Steam [35-45%), 11% Zire Reacted, And
High Pressure Melt Ejection. H2 - [ 5.6%|

NO BURN IGN 0.71
LG BURN IGN 0.29 BASE PRESS 31 PEAK PRESS 44.8

CASE 44. Containment Steam [35-45%), 11% Zire Reacted, And
No DV Failure or No AC Pover or No HPHE. H2 . [ 5.6%]

NO BURN IGN 0.79
LG BURN IGN 0.21 BASE PRESS 27 PEAK PRESS 40.8

z
- CASE 45. Containment Steam [45-55%), 11% Zire Reacted And

_

Dryvell Failure Or AC Pover Recovery. H2 = [ 4.6%]-
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NO BURN IGN 0.
LG BURN IGN 1. BASE PRESS 36 PEAK PRESS 46.1

CASE 46. Containment Steam 145-55%) 11% Zire Reacted, And
High Pressure Helt Ejection. H2 . I 4.6%)

NO BURN IGN 0.71
LG BURN IGN 0.29 BASE PRESS 40 PEAK PRESS 50.1

CASE 47. Containtent Steam (45-55%), 11% Zire Reseted, And
No DV Failure or No AC Power or No HPHE. H2 = | 4.6%)

NO BURN IGN 0.79
LG BURN IGN 0.21 BASE PRESS 36 PEAK PRESS 46.1

CASE 48. Otherwise, Should Never Reach This Case.

NO DURN IGN 1.
LG BURN IGN 0. BASE PRESS 0 PEAK PRESS 0

Event Dependencies: Offsite Pover Recovery Time (Event 7), Dryvell Failure
At/Near RPV Failure (Event 39), Containment Steam
Concentration At/Near RPV Failure (Event 40), Traction
Zirconium Reacted At/Near RPV Failure (Event 41),
Hydrogen Ignition Sources Available At RPV Failure
(Event 42), and High Pressure Melt Ejection (Event 43).

Quantification Basis IPE Engineering Calculation - Hydrogen Burns (with MAAP
3.0B Rev 7.02 using " Recommended Sensitivity Analyses
For An IPE Using HAAP 3.0B" (EPRI 1991)). Grand Gulf
(Brovn 1990) APET Events 84 and 85. (see Table H.3.5-1.)

Event 45. H2 DETONATION CONTAINHENT FAILURE AT/NEAR RPV FAILURE - H2_DET

Two Branches:

DET CF H2 Detonation Containment Failure At/Near RPV Failure
NO No H2 Detonation Containment Failure

Given that a large burn was ignited in containment following RPV failure this
event assesses whether the burn transitions to a detonation and whether
containment failure results from the detonation impulse loading. If no large

burn was ignited or if the containment atmosphere is inert to detonations (i.e.,
> 35% steam concentration), then no detonation is assumed to occur.

The probability of a nydrogen detonation occurring is taken to be a function of
the steam concentration, the hydrogen concentration, whether power recovery
occurs, and whether sprays are initiated during this time period.
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-EVNTRE Question Typer 2. (Dependent Split Frr clons)

PROBABILITIES:

CASE 1. No Large Burn At/Near RPV Failure

Vith no large burn, no trigger exists for a hydrogen detonation.

DET CF 0.
NO 1.

CASE 2. Cont <Jnment Steam Concentration Greater Than 35%

Steam concentrations greater than 35% prevent hydrogen detonation.

DET CF 0.
NO 1.

CASE 3. Containment Steam Concentration High
And Slowly Decreasing Less Than 35%,
And Hydrogen Concentration Greater Than 20%

'( ) This occurs when offsite power is recovered before RPV Failure and
sprays are available for those SB0 sequences where high steam

,

concentrations are possible (i.e., not early failure of all injection).
|

This: range of hydrogen concentration can be_ associated with 33%'

fraction of zirconium inventory reacted at/near RPV failure.
,

DET CF 0.025
NO 0.975-

CASE 4. Containment Steam Concentration Lov
And Hydrogen Concentration Greater Than 20%

This occurs when the steam concentration is 0-15% and the fraction of
zirconium reacted is 33%.

DET CF 0.27
NO 0.73

CASE 5. Containment Steam concentration Lov
And Hydrogen Concentration Greater Than 20%

This occurs when the steau concentration is 15-35% and the fraction of
. _. zirconium reacted is 33%.

I i
.\ - DET CF 0.16

NO 0.84
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CASE 6. Hydrogen Concentration Less Than 12%

This occurs when the fraction of zirconium reacted is 11%.
| |

| DET CF 0.
'

NO 1.

|

CASE 7. Containment Steam Concentration liigh
And Slovly Decreasing Less Than 35%,
And Hydrogen Concentration 12-16%

This occurs when offsite power is recovered before RPV Failure and ;
'sprays are available for those SB0 sequences where high steam

concentrations are possible (i.e., not early failure of all injection).
This range of hydrogen conctatration can be associated with 22%
fraction of zirconium inventory reacted at/near RPV failure.

DET CF 0.022
NO 0.978

CASE 8. Containment Steam Concentration Lov
And Hydrogen Concentration 12-16%

9This occurs when the steam concentration is 15-35% and the fraction of
zirconium reacted is 22%.

DET CF 0.
,

'

No 1.

CASE 9. Containment Steam Concentration Lov
And Hydrogen Concentration 16-20%

This occurs when the steam concentration is 0-15% and the fraction of
zirconium reacted is 22%.

DET CF 0.16
| NO 0.84

CASE 10. Othervise, Should Never Reach This Case.

DET CF 0
NO 1

1

Event Dependencies: Event Type (Event 3), RPV Injection Failure Time (Event
6), Offsite Pover Recovery Time (Event 7), Hode of RilR|

Spray Operation Early (Event 18), Containment Steam
Concentration At/Near RFV Failure (Event 40), Fraction

|
,
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l

/~' Zirconium Inventory Reacted At/Near RPV Failure (Event
( ,)s 41), Large 112 Burn Af ter RPV Failure (Event 44).

Quantification Basist Grand Gulf (Brown 1990) APET Events 18, 44 and 861 and
Sequoyah Analysis (Volume 5 Rev 1 Part 1 Page 2.2 Part
2 Table A.3.1-1) page 15 and 16. Reference Table
H.3.5-2.

EVENT-46. CONTAINHENT FAILURE AT/NEAR RPV FAILURE

Two Branches

FAILURE Containment Failure
NO FAILURE Ho Containment Failure

This event assesses whether containment failure occurs following RPV failure as
a result of an alpha mode steam explosion or a hydrogen burn. The alpha mode
in-vessel steam explosion has suffielent energy to rupture the upper head of the
RPV and create a missile with sufficient energy to fall the dryvell and

containment. If a hydrogen detonation has occurred which fails the containment
then containment failure has occurred. If a large hydrogen burn was ignited
then this event compares the peak containment pressure for the burn (Parameter
2) with the containment fragility curve and determines the probability of
failing the containment.

O EVNTRE Ouestion Type 6. (Dependent event using previously defined parameters
and a ut,er function)

PROBABILITIES:

CASE 1. Alpha Hode Steam Explosion Containment Failure

FAILURE 1.
NO FAILURE 0.

CASE 2. Hydrogen Detonation Containment Failure
At/Near RPV Failure >

FAILURE 1.
NO FAILURE 0.

CASE 3. Otherwise, For Those Remaining Sequences
Determine the Probability of Containment
Failure-Due To Large Hydrogen Burns

USER FUNCTION FAILURE NO FAILURE

Ov
If Peak Containment Fre., sore > 80 Psig 1. O.

> 75 C.98 0.02
> 70 0.90 0.10
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> 65 0.69 0.31
> 60 0.39 0.59
> 55 0.15 0.85
> 50 0.034 0.966
Else 0. 1.

Event Dependencies: Alpha Hode Steam Explosion Dryvell and Containment
failure (Event 30), Hydrogen Detonation Containment
Failure At/Near RPV Failure (Event 45).

Quantification Basis: Perry Nuclear Power Flant IPE Containment Capacity
Analysis, and IFE Engineering Calculation - Containment
Fragility.

EVENT 47. MODE OF CONTAINHENT FAILURE AT/NEAR RPV FAILURE - CF_VB

Two Branches:

ANCHORAGE Containment Anchorage Failure Mode
PEN-DOM /NO CF Containment Penetration or Dome Failure Mode,

Or No Containment Failure Mode

Given that containment failure has r,ccurred then the probability of various
failure are determined by this event. For sequences wheremodes of containment

thecontainmenthasfeiledbyahydiogenburnthepeakcontainmentpressurefrom|h
the burn is used to estimate the probability of each failure mode. The
individus1 fregility curves for the dominant failure modes were used to
determine the conditional probabilities for each failure mode as a function of
the failure pressure. The peak burr. pressure is then used to determine the
probability of each failure mode.

Note that this succinct sorting of failure modes into just two categories can be
used to characterize penetration /dore containment failure with a question asking
sequence of: 1) No Containment Failure, 2) Anchorage Containment Failure, and
then 3) Ccntainment Failure (which vould provide the remaining Penetration / Dome
containment failures).

EVNTRE Question Type 6. (Dependent event using previously defined parameters
and a user runction)

PROBABILITIES:

CASE 1. No Conta.inment Failure At/Near RPV Failure

This sorting case assigns the no containment failure sequences.

ANCHORAGE 0.
PEN-DOM /NO CF 1.

O
CASE 2. Alpha Hode Containment Failure

I
i
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} And Detonation Containment Failure At/Near RPV Failure

The Alpha mode and detonation failures are considered most likely to
occur in the dome region and are assigned to penetration / dome failure
or no containment Ja11ure.

ANC110 RAGE 0.
PEN-DOM /110 CF 1.

CASE 3 Otherwise, The Remaining Sequences Are
flydrogen Deflagration Containment Failure

.d. FUNCTION
ANCil0 RAGE PENETRATION

'

If Peak Containment Pressure > 140 Psig 1. O.
> 130 0.98 0.02
> 120 0.95 0.05
> 115 0.90 0.10
> 110 0.85 0.15
> 105 0.78 0.22
> 100 0.71 0.29
> 95 0.61 0.39
> 90 0.51 0.49
> 85 0.41 0.59

O > 80 0.30 0.70
> 75 0.21 0.79
Else 0.15 0.85

Event Dependencies: Alpha Mode Steam Explosion DrYve}l and Containment
Failure (Event 30), Ilydrogen Detonation Containment
Failure At/Near RPV Failure (Event 45), and Containment _

Failure At/Near RPV Failure (Event 46).
Quantification Basist Perry Nuclear Power Plant IPE Containment Capacity

Analysis, and IPE Engineering Calculation - Containment
Failuru hodes Conditional Probability.

11.3.7. POOL BTPASS BEFORE/NEAR RPV PAILURE

This APET Group of Events 48 and 49 determines the probability of pool bypassearly, before or near the time of RPV failure. Fission product scrubbing in the
suppression pool is an effective fission product mitigation mechanism, llovever,
if the release pathway bypasses the suppression pool this mechanism is noteffective. Pool bypass may result from a number of causes. These include: 1)structural failure of the dryvell, 2) Dryvell vacuum breaker failure, 3) lossof suppression pool vater belov the level of the horizontal vents or the SRV

(} quenchers, and 4) other failure processes.

Dryvell structural failure may result from transient over-pressurization of the
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dryvell or vetvell resulting in a sufficiently high dryvell/vetvell differentialFailure of
pressure to cause failure of the dryvell head, ceiling or valls. Loss of
Dryvell vacuum breakers may occur dering large hydrogen burns.f rma containment anchorage f ailure in the pool
suppression pool vater may result
region.

DRYVELL FAILURE DUE TO CONTAINHENT llYDROGEN BURNEvent 48 - Il2_ BURN
BEFORE/NEAR RPV FAILURE

Two Branchest

DV FAILURE Dryvell Failure Due To Hydrogen Burn
NO DV FAILURE Ho Dryvell Failure Due to Hydrogen Burn

Given that a large hydrogen burn has occurred during core damage or at RPV
failure this event assesses whether dryvell failure results from exceesiveIf a large burn has not
differential pressure across the dryvell boundary.then dryvell integrity is not challenged (by hydrogen
occurred in containmentFor cases where a large hydrogen burn has occurred two parameterscombustion).
have been set which give the peak burn pressure in containment during the burnIt is assumed that the dryvell
and the containment pressure prior to the burn. Given the value of
pressure remains constant during the burn in containment.these two parameters the peak dryvell differential pressure is calculated and
compared against the dryvell fragility curve in a user function to estimate the
probability of dryvell structural failure.

(Dependent event using previously defined parametersEVNTRE Ouestion Typet 6.
and a user function)

PROBABILITIES:

CASE 1. Large Hydrogen Burn During Core Damage

DV FAILURE NO FAILURE
USER FUNCTION

40 Psid O. 1.
If Cntmt/DV Differential Pressure << 55 0.05 0.95

< 60 0.17 0.83
< 65 0.27 0.73
< 70 0.41 0.59
< 75 0.55 0.45
< 80 0.68 0.32
< 85 0.79 0.21
< 90 0.88 0.12
< 95 0.93 0.07
Else 1. O.
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/''i( ,)- CASE 2. Large Hydrogen Burn At/Near RPV Failure

Same probability assignment as above for Case 1.

;

CASE 3. Otherwise, For Remaining Sequences Vith No Large Burns ,

Default To No Dryvell Failure

DV FAILURE 0
NO DV FAIL 1

Event Dependencies: .Large H2 Burn During Core Damage (Event 22), and Large
H2 Burn At/Near RPV Failure (Event 44).

Quantification Basist Perry Nuclear Power Plant IPE Containment Capacity
Analysis, and IPE Engineering Calculation - Dryvell
Fragility.

.

EVENT 49. POOL BYPASS BEFORE/NEAR RPV FAILURE - POOL _BYP

Two Branches:

() -POOL BYPASS Pool. Bypass
NO POOL BYP No Pool Bypass

,

This summary event assess the probability that pool bypass vill occur before or
near RPV failure. This event considers pool bypass resulting f rom dryvell i

failure resulting from processes occurring within the dryvell structure, dryvell
-failure from hydrogen combustion in the-containment, pool bypass due to
containment anchorace failure, and miscellaneous pool bypass mechanisms (e.g.

--failed open vacuum breakers).

EVNTRE Question. Types 2. (Dependenc split fractions)

PROBABILITIES:

CASE 1. Dryvell Failure At/Near PPV Failurts

Event 30, Dryvell Failure At/Near RPV Failure, summarizes the
evaluation of Dryvell failure by processes inside the Dryvell which.are
assessed with events 30 - 38.

| POOL BYPASS 1.

L NO POOL BYP 0.

I(~'\ ,

\~ / CASE 2.- Dryvell failure Due To Containment Hydrogen BurnI

Before/Near RPV Failure
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POOL BYPASS 1.
NO POOL BYP 0.

CASE 3. Suppression Poel Bypass Due To Anchorage
Containment Failure Before/Near RPV Failure

POOL BYPASS 1.
NO POOL BYP 0.

|

CASE 4. Dryvell Vacuum Breaker Failure Due To Large Burn
Vhen AC Pove.r Is Available

~Vhen AC power is available, the dryvell vacuum breaker isolation valves
vill automatically open on dryvell/ containment differential pressure.
If the isolation valve is open on a dryvell vacuum breaker line, then
large burns may fail the check valve open.

POOL BYPASS 0.05
NO POOL BYP 0.95

CASE 5. Otherwise, For The Remaining Sequences
Pool Bypassed By Other Failures

O
POOL BYPASS 0.0001
NO P0OL BYP 0.9999

Event Dependencies: Event Type (Event 3), Offsite Power Recovery Time
(Event 7), Large H2 Burn During Core Damage (Event 22),
Mode of Containment Failure Before RPV Failure (Event
25), Dryvell Failure At/Near RPV Failure (Event 39),
Large H2 Burn At/Near RPV Failure (Event 44), Mode of
Containment Failure At/Near RPV Failure (Event 47),
Dryvell Failure Due To L.ntainment Hydrogen Burn
Before/Near RPV Failure (Event 48).

Quantification Basis Grand Gulf (Brovn 1990) APET 95, and engineering
judgement.

U.3.8 CONTAINMFNr FAILURE BEFORE/NEAR RPV FAILURE
FAILS INJECTION & SPRAY

This APET Group of Events 50 thru 53 determines the probability that containment
failure causes the loss of-all in-vessel injection (assuming in-vessel injection
has not previously failed) and failure of the RHR containment spray system. The
vetvell' sprays represent an effective fission product mitigation feature which
can significantly limit atmospheric releases of radionuclides. Containment
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- sprays vill be particularly important for sequences where suppression pool
bypass has occurred, since the sprays then represent the only remaining major
engineered safety system which can significantly mitigate radionuclide releases.

The mechanisms associated with containment failure <hich may cause failure of
in-vessel injection and/or the contr.inment spray system are discussed above in

,_j H.3.4.

Event 50. CONTAINHENT FAILURE AT/NEAR RPV FAILURE
IMPACT ON ECCS INJECTION AND SPRAY PIPING - PIPE _ FAIL

Two Branches:

FAILURE Failure of ECCS Injection & Spray Piping
NO FAILURE No Piping Failure

This event assesses the probability that either the dynamic forces or movement
of the' containment which occur at containment failure are sufficient to disrupt ;

;the injection and spray system piping. Disruption of this piping is expected to
be a serious threat for containment anchorage failure.

EVNTRE Question Typen- 2. (Dependent split fractions)

PROBABILITIES:

CASE 1. Anchorage Frilure Mode Containment Failure
At/Near RPV Vailure

FAILURE 0.9
NO FAILURE 0.1 '

CASE 2. Othervise, For Other Non Anchorage Failure Sequences
Default to No Failure.

FAILURE 0. ,

'

NO FAILURE 1.

Event Dependenciest Mode of Con'.ainment Failure At/Near RPV Failure (Event
47).

Quantification Basist Containment Capacity Analysis (Gilbert / Commonwealth
1992) and engineering judgment.

Event 51. CONTAINMENT FAILURE AT/NEAR RPV FAILURE
.

IMPACT ON ECCS INJECTION AND SPRAY MOTORS - MTR_ FAIL

O- '

Two Branches:
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FAILURE Failure of ECCS Injection 6 Spray Motors
|hNO FAILURE No Hotot Failute

This event assesses the probability that leakage of vater, steam or hot gases
from containment into the auxiliary building which may occur at containment
failure cause failure of the injection and/or spray system motors and related
components.

EVNTRE Question Type: 2. (Dependent split fractions)

PROBABILITIES:

CASE 1. Containment Failure At/Near RPV Failure
-

And No Anchorage Piping Failure
'

FAILURE 0.5
NO FAILURE 0.5

CASE 2. Otherwise. For Other Non Containment failure Sequences
Default to No Failure.

FAILURE 0.
NO FAILURE 1.

9
Event Dcpendenciest Containment Failure At/Near RPV Failure (Event 46), and

Containment Failure At/Near RPV Failure Impact on ECCS
Injection and Spray Piping.

Quantification Basist Containment Capacity Analysis (Gilbert /Commonvealth f-
1992) and engineering judgment.

Event 52. CONTAINMENT FAILURE AT/NEAR RPV FAILURE
STEAM AND RADIATION IMPACT ON FIREVATER INJECTION - STM/ RAD

Two Branches

FAILURE Failure of Firevater Injection

NO FAILURE No Failure

This event assesses the probability that leakage of radionuclides from'

containment vill limit personnel access to the firevater lineup or components
(e.g., Diesel Driven Firevater Pump Oil Tank, or Perry Pumper) and result in
failure to perform required local manual actions to initiate, or to assure
continued operation of the firevatet injection.

O
EVNTRE Question Type 2. (Dependent split fractions)
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PROBABILITIES:

CASE 1. Containment Failure At/Near RPV Failure
And No Anchorage Piping Failure

FAILURE 0.5
NO FAILURE 0.5

CASE 2. Otherwise, For Other Non Containment Failure S;quences

FAILURE 0.
NO FAILURE 1.

_

Event Dependencies: Containment Failure At/Near RPV Failure (Event 46),
Containment Failure At/Near RPV Failure Impact on ECCS
Injection and Spray Piping.

Quantification Basis: Containment capacity Analysis (Gilbert /commonvealth
1992) and ..gineering judgment.

Event 53. INJECTION & SPRAY FAILURE DUE TO CONTAINHENT FAILURE() AT/NEAR RPV FAILURE - INJ/SP_FL

Two Branches:

INJ & SPRY FAIL Injection & Spray Failure
NO FAILURE No Failure

This event summarizes the results of the prior three events in the APET.
~

EVNTRE Ouestion Type 2. (Dependent Sorting Event),

SORTING:

CASE 1. ECCS Inject'.on & Spray Piping Failure
Due To Containment Failure At/Near RPV Failure

INJ & SPRY FAIL 1.
NO FAILURE 0.

CASE 2. ECCS Injection & Spray Motor Failure,
And Firevater Injection Failure
Due To Containment Failure At/Near RPV Failure

O INJ6 SPRY FA!L 1.
NO FAILURE 0.
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CASE 3. Otherwise, For Other Remaining Sequences h
Vhere All Injection Is Not Failed
Default to No Failure.

.

INJ& SPRY FAIL 0.
NO FAILURE 1.

Event Dependencies: Containment Failure At/Near RPV Failure Impact en ECCS
Injection and Spray Piping (Event 50), containment '

Failure At/Near RPV Failure Impact on ECCS Injection and
Spray 'iotors (Event 53), Containment Failure At/Near RPV 5

.

Failure Steam & Radiation Impact on Firevater (Event
^

52).

Quantification Basis: Not Applicable for summary -ven t .

i

B.3.9 PEDESTAL FAILURE DUE TO CORE DEBRIS CONCRETE INTERACTION

This APET Group of Events 54 thru 55 determines the probability of pedestal
failure as a result of sidevards cote concrete attack in the pedestal cavity

erodingthepedestalvalltoasufficientdepththatthestructuralintegrityof||the pedestal vall is compromised. Failure of the pedestal vall may result in
loss of support to the RPV and result in gross motion of the RPV. This motion
may result in damage so the dryvell or to containment penetretions.

The amount of radial erosion vill be a function of the type and extent of core
*

concrete attack that occurs..the ratio of radial to downwards concrete attack
and the failure depth for the pedestal vall.

?
This event is dependent on the following Events in the Perry APET.

Event 54. TYPE OF CORE DEBRIS CONCRETE INTERACTION - CCI_ TYPE
,

Four Branches:

DRY-CCI CCI In A Dry Pedestal Cavity
i FAST-VET Rapid CCI Vith an Overlying Vater Layer

SLOV-VET Slow CCI Vith an Overlying Vater Layer
NO-CCI NO CCI-Vith Debris cooled

ek This event determines the probability of various types of CCI which may occur in
the pedestal cavity following RPV failure. If no vater is in the pedestal
cavity prior-to RPV failure and water is not supplied following RPV failure then
dry CCI will occur. If a small amount of water is in the pedestal cavity prior
to RPV failure but a continuing supply of vater is not available then the
debris / concrete attack may be delayed until the water pool is boiled away.
(This case has been conservatively combined with DRY CCI).
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() For cases where a large pool of water has entered the dryvell prior to RPV
failure or *chere a continuous supply of water is available to the pedestal
following vessel failure then a pool of vater vill cover the debris. Depending
upon the surface area of the debris, the debris particle size and the effective
upward heat transfer rate the debris may be cooled or CCI may occur. The last
three branches assess the rate of-CCI given a debris pool which is covered by
water. ;

EVNTRE Question Type 2. (Dependent split fractions)

PROBABILITIES:

CASE 1. No RPV Failure Vith Debris Cooled In-Vessel

DRY-CCI 0.
FAST-VET 0.
SLOV-VET 0.
NO-CCI 1.

CASE 2. No Vater In Pedestal Cavity At RPV Failure,
And No Continued Injection to the Pedestal Cavity

- DRY-CCI 1.
'

- FAST-VET 0.
SLOV-VET 0.
NO-CCI 0.p

!

CASE 3. Vater'in Pedestal Cavity At RPV Pailure From Flooding,
No Continued Injection To The Pedestal Cavity, And HPME

DRY-CCI 0.
FAST-VET 0.175
SLOV-VET 0.4875
NO-CCI 0.3375

CASE 4. Vater in Pedestal Cavity At RPV Failure From Flooding,g
No Continued-Injection To The Pedestal Cavity, -

r

No HPHE, And-Large. Molten Hass of Debris in Lover Head
At.RPV-Failure

DRY-CCI- 0.
FAST VET 0.28
SLOV-VET 0.48
NO-CCI 0.24

[~'y CASE 5. Vater in Pedestal Cavity At RPV Failure From Flooding,
\s/ . No Continued Injection To The Pedestal Cavity,;_

No HPME, And Small Holten Mass of Debris in Lover Head
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At RPV Failure

DRY-CCI 0.
FAST-VET 0.28
SLOV-VET 0.48
NO-CCI 0.24

CASE 6. No Vater in Pedestal cavity At RPV Failure,
Continued Injection To The Pedestal Cavity,
And llPME

DRY-CCI 0.
FAST VET 0.315
SLOV ~ JET 0.4775
NO-CCI 0.2075

CASE 7. No Vater in Pedestal Cavity At RPV Failure,
Continued Injection To The Pedestal Cavity,
And No ilPME

DRY-CCI 0.
FAST-VET 0.3375
ELOV-VET 0.475
No-CCI 0.1875

9
CASE 8. Vater in Pedestal Cavity At RPV Failure,

Continued Injection To The Pedestal Cavity.
And HPHE

DRY-CCI 0.
FAST-VET 0.175
SLOV-VET 0.4875
NO-CCI 0.3375

CASE 9. Vater in Pedestal Cavity At RPV Failure,
Continued Injection To The Pedestal Cavity,
No HPME and Large Molten Mass

DRY-CCI 0.
FAST-VET 0.28
SLOV-VET 0.48
NO-CCI 0.24

CASE 10. Vater in Pedestal Cavity At RPV Failure,
Continued Injection To The Pedestal Cavity,
No llPME and Small Molten Mass

DRY-CCI 0.
|

FAST-VET 0.20
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'/"N SLOV-VET 0.48
h,[ ~NO-CCI -0.24

,

CASE 11. Otherwise, should never reach this case.

DRY-CCI 1.
FAST-VET- 0.
SLOV-VET 0.
NO-CCI 0.

Event Dependencies: Debris Molten Mass At RPV Failure (Event 14), RPV
Failure Mode & Failure Size (Event 32), Vater In
Pedestal At RPV Failure (Event 33), HPHE (Event 43),
Injection & Spray Failure Due to Containment Failure
Before/Near RPV Failure (Event 53).

'

Quantification Basius Grand Gulf (Brown 1990) APET 99, IPE Engineering
Calculation - CCI And Pedestal Ablation. "

Event 55. PEDESTAL FAILURE DUE TO CORE DEBRIS CONCRETE INTERACTION - PED _ FAIL-

o Three Branches:-
!
' AT VB Pedestal Failure At RPV Failure

FAIL AFTER VB Pedestal Failure After-RPV Failure
NO FAILURE No Pedestal Failure

Given a type of.CCI determined in APET Eviat 54 this event assesses whether
pedestal structural failure from CCJ radial erosion of the pedestal vall vill-

occur.- The mean erosion depth for failure was taken as 3.6 feet from the Grand
Gulf Pedestal Erosion expert's-dete:mination (Harper 1991).

EVNTRE Question Type: 2. (Dependent split fractions)

PROBABILITIES:

-CASE 1. -Dryvell Failure At/Near RPV Failure
By Processes Inside The Dryvell
Or Dryvell Failure Due To Containment Hydrogen-Burn*

Before/ Neat RPV Failure

AT VB 1.
. FTER VB 0.A

NO FAILURE 0.

[J' CASE 2. No RPV Failure Vith Debris Cooled In-Vessel

AT VB 0.
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AFTER VB 0.
NO FAILURE 1.

CASE 3. Dry CCI

AT VB 0.
AFTER VB 0.43
NO FAILURE 0.57

CASE 4. Fast Vet CCI

AT VB 0.
AFTER VB 0.29
NO FAILURE 0.71

CASE 5. Slov Vet CCI

AT VB 0.
AFTER VB O.25
NO FAILURE 0.75

CASE 6. No CCI

AT VB 0.
AFTER VB 0.
NO FAILURE 1.

CASE 7. Otherwise, should never reach this case.

AT VB 0.
AFTER VB 0.
NO FAILURE 1.

Event Dependencies: RPV Failure Mode and Failure Size (Event 32), Dryvell
Failure At/Near RPV Failure (Event 39), Dryvell Failure
Due to Containment H2 Burn Before/Near RPV Failure
(Event 48), and Type of. Core Debris Concrete Interaction
(Event 54).

Quantification Basis: NUREG/CR-4551 Volume 2 Part 2, Holten Core Containment
Interaction Issues (Harper 1991) Grand Gulf Pedestal
Erosion Section 6.2. Radial erosion depths for the dry
CCI cases were based on a veighted average of the
results frou Table 6-3 (Groups 5, 6 and 7). The
fast-vet CCJ cases were based on an average of Groups 1
and 2. The slow-vet CCI cases were based on an average g
of Groups 2 and 3. W
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H.3.10 HODE OP 14TE BURN AND OVERPRESSURE CONTAINMENT PAILURE

This APET Group of Events 56 thru 66 determines the probability (and mode) for
containment failures which occur late in the accident sequences. These events
assess containment f ailures resu? ting f rom hydroge , :.csbustion and detonation
and from gradual overpressurization from steam and nen condensible gas
production.

This event is dependent on the following Events in the Perry APET.

EVENT 56. hode Of RHR Spray Operation Late - DE_ INERT

Three Branchest

CONTROLLED Sprays are operating in a throttled cooling mode
to mitigate or excitde hydrogen deflagrations and .

detonations *

SPRAY Sprays are operating at full design cooling
NO SPRAY Sprays Not Available

() This event summarizes whether the RHR sprays are available (and are operated)
late in the accident sequence. It further allows for the assessment of
controlled (throttled) spray operation or for normal design flov operation. The
contrr led spray operation mode is directed at limiting the spray flow rate such
that containment atmosphere steam concentration vould remain elevated above
the s(aam inerting limit for hydrogen combustion (55 volume cercent) and belov

~

the emergency procedure pressure limit of 40 psig, or maintains the the as-found
~

containment steam concentration to uinimize the expected peak burn pressures.
The controlled spray operation mode is not currently considered in the Perry
Plant Emergency Instruction. Consequently, this mode of spray operation was not
considered in the base case Perry analysis (the Controlled Spray Operation
branch probability was set to zero). This branch was included for use in
sensitivity analysis.

EVNTRE Question Typet 2. (Dependent Sorting Event)

SORTING:

CASE 1. RHR Spray Loop Not Available

RHR Spray is determined to be not available in the Plant Damage State
Grouping Logic.

CONTROLLED 0.
SPRAY 0.
NO SPRAY 1.

'
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CASE 2. AC Power Never Lost, And RHR Spray Available h

Vith AC Power available, it is almost certain that the hydrogen
igniters are available to control hydrogen. Therefore a controlled,
steam-inerted containment ctmosphere is not necessary to credit the
mitigative impact of controlled spray operation.

CONTROLLED 0.
SPRAY 1.
NO SPRAY 0.

CASE 3. AC Power Lost, Pover Recovered Prior to RPV Frilure,
~

And RHR Spray Available

Under these conditions it is probable that there vill be a significant
quantities of hydrogen released into the containment and that the
hydrogen ignition system vill not be energized during the first hour or
two following AC povet recovery. (Reference Event 16 discussion.)
Under these conditions it is possible to limit the threat from hydrogen
combustion by throttling the RHR bypass flov to maintain the
containment steam concentration in the steam-inert regime. However, 4

since this mode of operation is not in the Perry Plant Emergency
Instruction, this mode of operation has been assigned a zero
prcbability for base case evaluation.

CONTROLLED 0.
SPRAY 1.
NO SPRAY 0.

CASE 4. AC Power Lost, Power Recovered Prior to Containment t

Capacity Overpressure Threshold, And RHR Spray Available

Under these conditions it is probable that there vill be a significant
quantities of hydrogen released into the containment and that the
hydrogen ignition system vill not be ener61:ed during the first hour or
two following AC power recovery. (Reference Event 16 discussion.)
Under these conditions it is possible to limit the threat from hydrogen
combustion by throttling the RHR bypass flow to maintain the
containment steam concentration in the steam-inert regime. However,

. since this mode of operation is net in the Perry Dlant Emergency
Instruction, this mode of operation has been assigned a zero
probability for base case evaluation.

CONTROLLED 0.
SPRAY 1.
NO SPRAY 0.

CASE 5. Otherwise, ';hould never reach this case.

CONTROLLED 0.
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/- SPRAY 0.
(_]) NO SPRAY 1.

Event Dependencies: Event Type (Event 3), Offsite Pover Recovery Time (Event
.,

7),1 Containment Heat Removal Vith RHR Spray Loop (Event
8).

Quantification Basist Not Applicable.

EVENT 57, HYDROGEN IGNITION SOURCES AVAILABLE LATE - IG_SOURC

Two Branchest

NO SOURCE No Hydrogen Igr.ition Source
IGN SOURCE Hydrogen Ignition-Sources Available

Vith a_ continuous ignition source available in containment it is assumed that
controlled hydrogen combustion (or small hydrogen burns) vill preclude the
build-up of ' hydrogen concentrations whose combustir . vould threaten containment
integrity. A continuous ignition source is assumed to be available if the'

-hydrogen ignition system is operating. Since-there may have been a substantial
time period-between RPV failure and the time when late combustion may occur,
earlier. burns are not considered to provide a reliable ignition source for late
burns'(and thus ensure that only small burns vould occur late).'

|- .
-

2. (Dependent Split Fraction)EVNTRE Question Typet

PROBABILITIES:

CASE 1. Hydrogen Ignition-System Available Early

This is true is the HIS van placed in service early with no human
interaction error.

.

NO SOURCE 0.
IGN SOURCE 1.

-

CASE 2. No Loss Of AC Power,

Operator Failure To Initiate Hydrogen Ignition System,
-And Recovery Of Hydrogen Ignitors. <

This recovery of ignitors before the Hydrogen Deflagration Overpressure
Limit is reach is the same recovery modeled-in Event 42., Hydrogen
Ignition Sources Available At RPV Failure.

O'- NO SOURCE 0.1
IGN SOURCE 0.9

i
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CASE 3. SB0 And Power Recovery Prior To RPV Failure |
The HIS will not be placed on immediately after power recovery due to
the hydrogen analyzers being out of calibration or due te the hydrogen
concentration not determined. After the hydrogen analyzers varm up and
reach steady state calibration, it is likely that the hydrogen
concentration vill be above the hydrogen deflagration overpressure
limit, and the HIS vill not be placed in service. Therefore, tne
availability of this ignition source is uncertain.

NO SOURCE 0.5
IGN SOURCE 0.5

CASE 4. SB0 Vith Pover Recovery Prior To Containment Limit

The HIS vill not be placed on immediately after power recovery due to
the hydrogen analyzers being out of calibration or due to the hydrogen
concentration not determined. After the hydrogen analyzers varm up and
reach steady state calibration, it is likely that the hydrogen
concentration vill be above the hydrogen defl1tgration overpressure
limit, and the HIS will not be placed in service. Therefore, the
availability of this ignition source is highly uncertain, and the
availability of the ignition source is conservatively set to 0.

N0 3OURCE 1.
IGN SOURCE 0.

CASE 4. Otherwise, For The Remaining Sequences
Vith Loss Of AC Power and No Power Recovery
Assign to No Hydrogen Ignition Source

NO SOURCE 1.
IGN SOURCE 0.

Event Dependencies: Fvent Type (Event 3), Offsite Power Recovery Time (Event
7), Hydrogen Ignition System Available (Event 16).

Quantification Basis Review of the H51 Combustible Gas Control System and the
H56 Hydrogen Ignition System, Perry Plant Emergency
Instruction IPE Human Interaction Technical Assignment
File, and eng!neering judgement.

|

Event 58. CONTAINMENT STEAM CONCENTRATION LATE - ST_ CONC

Sa branches:

0-15 % Containment Steam Volume Percent
15-25 %

H.3 - 90
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/~ 25-35-%

. (~)' -. -35-45 %
45-55 % |

>55 %

|' 'diis branch assesses the containment steam concentration late in the accident. ,

-The probability.of hydrogen burn ignition and the efficiency of the burn
(considered in subsequent events) are dependent upon the branch taken under this
heading. The containment steam concentration is a function of the mode of spray
operation, the sequence type, the time of injection failure and whether tha

. containment is intact at core' damage. The steam concentration regime-
probabilities given for the cases belov vere estimated using HAAP results for
each case,

l_ EVNTRE Question Type 2. (Dependent split fractions)

L
| PROBABILITIES:

CASE 1. Spray Loop Operation At Design Cooling

| Vith a containment spray Icep operating at design cooling with
.

containment heat removal optimized with the Residual Heat Removal heat
exchanger, the steam concentration vould be lov.

: 0-15 % 1.
35-25 % 0...

~

25-35 % 0.
35-45 % 0.
45-55 % 0.p

h >55 % 0.

CASE 2. Containment Vent Not Isolate.1 At RPV Failure

For the range of distributions in SB0 sequences, the steam
[ concentration is censervatively bounded by the case of SB0 vith no

injection with the containment vent open.

0-15 % 0.25
| 15-25 % 0.75

25-35 % 0.
35-45 % 0.
45-55 % 0.

>55 % 0.

CASE 3.- SB0 And No Injection Failure Early (0 - 2.8 Hrs)

0-15 % 0.99
15-25 % 0.01
25-35'% 0.

- 35-45 % 0.
- 45-55 % 0.

>55 % 0.
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CASE 4. SB0 And RCIC Injection Failure (2.8-4.2 Hrs)

0-15 % 0.
15-25 % 0.
25-35 % 0.29
35-45 % 0.7?
45-55 % 0.

>55 % 0.

CASE 5. SB0 And HPCI, Injection Failure ( > 4.2 Hrs)

0-15 % 0.
15-25 % 0.
25-35 % 0.
35-45 % 0.
45-55 % 0.

>55 % 1.

CASE 6. Containment failed At Core Damage

0-15 % 0.
15-25 % 0.
25-35 % 0.
35-45 % 0.
45-55 % 0.

>55 % 1.

CASE 7. Otherwise, All Other Sequences
Default to Lov Steam Concentration

All other sequences are conservatively tvaluated by assuming a lov
steam concentration.

0-15 % 1.
15-25 % 0.
25-35 % 0,

35-45 % 0.
45-55 % 0.

>55 % 0.
>55 % 0

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
(Event 3), Containment Vent Isolated At RPV Failure
(Event 5), RPV Injection Failure Time (Event 6), Mode of
RER Spray Operation Late (Event 56).

Quantificction Basis: IPE Engineering Calculation - Hydrogen Burns [vith MAAP
3.0B Rev 7.0? using "Recommende6 Sensitivity Analyses
For An IPE Using MAAP 3.0B" (EPRI 1991)].
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. EVENT 59. -HYDROGEN COMBUSTION BEFORE/AT RPV FAILURS - 1: URN _B4

Two Branches

EARLY BURN Early Burn Before/At RPV Failure
.N0 EARLY BURN No Early Burn

,

This event-summarizes whether an earlier butn in containment has occurred. This
information is used to assess the late hydrogen concentration in containment.

. Dependent sorting event)EVNTRE Question Type 2. (

-SORTING:

CASE-1. Early H2 Burn During Core Damage Or At/Near RPV Failure

.Early; burns include both small and large burns which occurred before
RPV failure or at/near RPV failure.

EARLY BURN 'l.

NO EARLY BURN 0.
-

: .

\- CASE 2. Otherwise, No Early Burn

EARLY BURN 0.
NO EARLY BURN 1.

'

. Event Depeadencies: Small-H2 Burns.At Lov H2 Concentrations (Event 21),

Large H2 Burn During-Core Lamage (Event 22), and Large
H2 Burn At/Ne r RPV Failure (Event 44).

-Quantification Basis: Not Applicable.

!= -EVENT 60. CONTAINHENT EFFECTIVE HYDROGEN CONCENTRATION LATE - H2_ CONC

Six Branches:

< 4% Volume Percent Hydrogen
4- 8%-
8-12%-

12-16%
-16-20%

L > 20%

'This branch assesses the containment-effective. hydrogen concentration (includingi t
A the, carbon monoxide produced during core concrete interaction). The probability

of hydrogen burn ignition and.the efficiency of the burn (considered in

H.3 - 93

_ _ . . - ._ __ - - -



_

subsequent events) are dependent upon the branch takan under this heading. The
containment hydrogen concentration is a function of the mode of CCI (APET Event
54), and whether a hydrogen burn occurred early in the sequence (APET Event 59).

EVNTRE Question Typet 2. (Dependent split fractions)

PROBABILITIES:g

CASE 1. Early Hydrogen Burn And No CCI

This case is estimated by judgement and comparison from the calculated
distribution for SB0 vith Spray, No Burn, and No CCI. It is considered
that an early burn vould reduce the initial hydrogen concentration to a
lover plateau of about 4.5% based on 1/4 testing of Mark III
containment hydrogen combustion (EPRI - 1988).

< 4% 0.5
4- 8% 0.5
8-12% 0.0

12-16% 0.0
16-20% 0.0
> 20% 0.0

CASE 2. Early Hydrogen Burn And Slov Vet CCI

This case is estimated by judgement and comparison from the calculated
distribution for SB0 vith Spray, No Burn, and Dry CCI. It is
considered that an early burn vould reduce the initial hydrogen
concentration to a lover plateau of about 4.5% based on 1/4 testing of
Mark III containment hydrogen combustion (EPRI - 1988).

< 4% 0.1
4- 8% 0.25
8-12% 0.3

12-16% 0.25
16-20% 0.1
> 20% 0.0

CASE 3. Early Hydrogen Burn And Fast Wet CCI

This case is conservatively estimated by judgement and comparison f rom
the calculated distribution for SB0 vith Spray, No Burn, and Dry CCI.
It is considered that an early burn vould reduce the initial hydrogen
concentration to a lover plateau of about 4.5% based on 1/4 testing of
Mark III containment hydrogen combustion (EPRI - 1988).

< 4% 0.0
4- 8% 0.1
8-12% 0.2 g

12-16% 0.35 W
16-20% 0.35
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>-20% 0.0<~};
, . j

CASE 4. Early Hydrogen Burn, Dry CCI and No Spray
' During SB0 And No Injection

' This' case is conservatively estimated by comparison from the calculated
distribution for SB0 vith No Spray, No Burn, and Dry CCI with little
credit for significant hydrogen reduction.

< 4% 0.0
4- 8% 0.35
8-12% 0.07

12-16% 0.06
16-20% 0.06
> 20% 0.46

CASE-5. Early Hydrogen Burn, Dry CCI and No Spray
During SB0 And RCIC Injection Failure

This case is conservatively estimated by comparison from the calculated
distribution-for SB0 vith No Spray, No Burn, and Dry CCI with little
credit for significant hydrogen reduction.

o < 4% 0.0
.

- 4- 8% 0.04
'- 8-12% 0.60

12-16% 0.36i_

16-20%' O.04
> 20% 0.00

,

CASE 6. Early hydrogen ~ Burn, Dry CCI and No Spray
During SB0 And HPCS Failure

This : case is conservatively estimated by comparison f rom the calettlated
distribution for SB0 vith No Spray, No Burn, and Dry CCI with little
credit for significant hydrogen reduction.

< 4% : 0.64
4- 8% 0.36
8-12%- 0.00

-12-16% 0.00
16-20% 0.00
> 20% 0.00

h
- CASE 7. Early Hydrogen Burn, Dry CCI and Spray

During SB0 And No Injection-

fl This case is conservatively estimated by comparisor. from the calculated|-

| s/ distribution for SB0 vith T. pray, No Burn, and Dry CCI with little
- credit for significant hydrogen reduction.

!

,
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< 4% 0.0
4- 8% 0.36

.

8-12% 0.07
12-16% 0.06
16-20% 0.06
> 20% 0.45

CASE 8. Early Hydrogen Burn, Dry CCI and Spray
During SB0 And RCIC Injection Failure

This case is conservatively estimated by comparison from the calculated
distribution for SB0 vith Spray, No Burn, and Dry CCI vith little
credit for significant hydcogen reduction.

< 4% 0.0
4- 8% 0.05
8-12% 0.43

12-16% 0.37
16-20% 0.14

> 20% 0.01

CASE 9. Early Hydros,en Burn Dry CCI and Spray
During SB0 And liPCS Failure

This case is conservatively estimated by comparison from the calculated
distribution for SB0 vith Spray, No Burn, and Dry CCI vith little
credit for significant hydrogen reduction.

-<-4% 0.38
4- 8% 0.51
8-12% 0.11

12-16% 0.00
16-20% 0.00
> 20% 0 00

CASE 10. No Early Hydrogen Burn, No CCI and No Spray
During_SB0 And No Injection

This case is-estimated by directly using the calculated distribution
for SB0 vith No Spray, No Burn, and No CCI.

< 4% 0.0
4- 8% 1.0
8-12% 0.0

12-16% 0.0
16-20% 0.0
> 20% 0.0

L 4
CASE 11. No Early Hydrogen Burn, No CCI and No Spray

|-
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, -~g 1During SB0 And RCIC Injection Failure

IThis-case is estimated by directly using-the calculated distribution''

_for,SB0__vith No Spray,"No Burn, and No CCI.

< 4% 0.0-
4- 8% 0.0
8-12% 0.8

12-16%. 0.2
16-20% -0.0
> 20% 0.0

CASE 12.- No'Early Hydrogen Burn, No CCI and No Spray
During SB0 And HPCS Failure

This case is estimated by directly using the calculated distribution
for.SB0 vith No Spray, No Burn, and No CCI.-

< 4% 0.59
4- 8% 0 41
8-12% 0.00

12-16% ~0.00
16-20% 0.00
> 20% 0.00

A
ICASE113. No1 arly Hydrogen Burn, No CCI and SprayEw-

During SB0 And-No Injection

;This case is_ estimated-by directly using the calculated distribution*
,

Lfor SB0 vith Spray,-No Burn, and No CCI.

< -4% 0.0
4- 8% 1.0
8-12%- 0.0

U -12-16% -0.0
16-20% 0.0
> 20% 0.0

CASE 14.- No Early Hydrogen Burn, No'CCI and Spray
During SB0 And RCIC Injection Failure

-This case is estimated by directly using the calculated distribution
for'SB0 vith Spray, No' Burn, and No CCI.

< 4% 0.0
4-'8% 0.0
8-12% 0.56

12-16%. 0.38
-(~} 16-20% 0.06
(s) '- > 20% 0.0-
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CASE 15. No Early Hydrogen Burn, No CCI and Spray ||
During SB0 And HPCS Failure

This case is estimated by ilirectly using the calculated distribution
for SB0 vith Spray, No Burn, and No CCI.

< 4% 0.33
4- 8% 0.51
8-12% 0.16

12-16% 0.00
16-20% 0.00
> 20% 0.00

CASE 16. No Early Hydrogen Burn And Slov Vet CCI

This case is conservatively estimated by comparison with the calculated
distribution for SB0 vith Spray, No Burn, and Dry CCI.

< 4% 0.0
4- 8% 0.1
8-12% 0.15

12-16% 0.25
16-20% 0.5
> 20% 0.0

0
CASE 17. No Early Hydrogen Burn And Fast Vet CCI

This case is very conservatively estimated by with comparison from the
calculated distribution for SB0 vith Spray, No Burn, and Dry CCI.

< 4% 0.0
4- 8% 0.0
8-12% 0.1

12-16% -0.15
16-20% 0.75
> 20% 0.0

CASE'18. No Early Hydrogen Burn, Dry CCI and No Spray
During SB0 And No Injection

This case is estimated by directly using the calculated distribution
for SB0 vith No Spray, No Burn, and Dry CCI.

< 4% 0.0
4- 8% 0.30
8-12% 0.07

12-16% 0.06
16-20% 0.06

> 20% 0.51
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L( ,)--- CASE 19. No Early Hydrogen Burn, Dry CCI and No Spray
' During SB0 And RCIC Injection Failure

This case is estimated by directly using the calculated distribution
for SB0 vith No Spray, No Burn, and Dry CCI.

< 4% 0.0
4 8% 0.0
8-12%' O.60

12-16% 0.36
16-20% 0.04
> 20% 0.0

CASE 20. No Early Hydrogen Burn, Dry CCI and No Spray
During SB0 And HPCS Failure

This case is estimated by directly using the calculated distribution
for SB0 with No Spray, No burn, and Dry CCI.

< 4% 0.59
4- 8% 0.41
8-12% 0.00

12-16%- 0.00
16-20% 0.00 ;

'> 20% 0.00

CASE 21. No Early Hydrogen Burn, Dry CCI and Spray
During SB0 And No' Injection

This case-is estimated by directly using the calculated distribution
for SB0 vith Spray, No Burn, and Dry CCI.

< 4% 0.00
4- 8% 0.31-
8-12% 0.07

12-16% 0.06
16-20% 0.06
> 20% 0.50

-CASE 22. No Early Hyarogen Burn, Dry CCI and Spray
During Sb0 And RCIC Injectior. Failure- |

1

This case.is' estimated by directly using the calculated distribution |for SB0 vith Spray, No Burn, and Dry CCI.
|

- < 4% 0.00
4- 8% 0.00

/ TL 8-12% 0.43
-/ 12 1_6%- 0.42

16-20% 0.14 j

|
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> 20% 0.01
i

CASD 23. No Ear 2y Hydtogen Barn, Dry CCI and Spray
During SB0 And HPCS Failure

This case is estimated by directly using the calculated distribution
for SB0 with Spray, No Burn, and Dry CCI.

< 4% 0.33
4- 8% 0.51

i8-12% 0.16
12-16% 0.00
16-20% 0.00
> 20% 0.00

CASE 24. Otherwise, the Remaining Sequences

This case is estimated with judgement with comparison to the calculated
distribution for SB0 vith Spray, No Burn, and Dry CCI.

< 4% 0.
4- 8% 0.
8-12% 0.

12-16% 0
16-20% 1.
> 20% 0.

Event Dependencies: Event Type (Event 3), RPV Injection Failure Time (Event
6), Type of Core Debris Concrete Interactions (Event
54), Mode of RHR Spray Operation Late (Event 56), H2
Combustion Before/At RPV-Failure (Event 59).

Quantification Basis: IPE Engineering Calculation - Hydrogen Burns [with MAAP
3.0B Rev 7.02 using " Recommended Sensitivity Analyses
For An IPE Using MAAP 3.0B" (EPRI 1991)]. Hydrogen
Combustion Experiments In a 1/4 Scale Model Of A Mark
III Nuclear Reactor Containment (EPRI - 1988).

Event 61. AC POWER AVAILABLE LATE - AC_PVR

Two Branches:

AC LATE AC Power Aveflable Late
NO AC LATE No AC Povet available Late

This event summarizes whether AC power is available late in the sequence. AC
power vill be available late if AC poser was never lost or if AC power was
initially lost but was recovered. This information is used to assess the
potential for hydrogen ignition late: in the sequence.
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EVNTRE. Question Type 2. (Dependent sorting event)

SORTING:

CASE 1. SB0 And No AC Power Recovery

AC LATE 0.
NO AC LATE- 1.

CASE 2. Otherwise, AC Power Available

AC LATE 1. '

NO AC LATE 0.

Event Dependencies: Event Type (Event 3), and Offsite Power Recovery Time
(Event 7),

Quantification Basist Not Applicable.

EVENT 62. LARGE HYDROGEN BURN LATE - LG_ BURN

U Two-Branches

1) No Large. Hydrogen Burn Ignited i!O BURN;

2) Large. Hydrogen Burn Ignited LARGE BURN

:This event. assess whether a large hydrogen burn is ignited in containment late
in the accident sequence. If a continuous ignition source is available (as
defined.in Event 57) then_a large hydrogen burn is assumed to be prevented. Also

-

if the steam concentration is above 55% then the containment atmosphere is inert
to hydrogen burns. The probability that a large hydrogen burn is ignited is a
function of the following parameters;

1. Containment steam concentration,

2. Containment hydrogen concentration, and
3. AC pover availability.

Forty four cases _(various combinations of the parameters listed above vere
identified to perform the quantification). In addition to assessing the-

probability of ignition this event also-sets two parameter values which are used
by subsequent events; peak hydrogen. burn pressure (parameter 5) and containment
base pressure-prior to the burn (parameter 6).

. ~
EVNTRE Question Type: 4. (Dependent Split Fraction with parameter values

.

:()'Y
set for each case.)

(
PROBABILITIES:

H.3 - 101
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CASE 1. Hydrogen Ignitions Sources Available Lato

NO BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS 0

CASE 2. Containment Concentration Is Greater Than 55%

NO BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS 0 -

CASE 3. Containment Hydrogen Concentration Less Than 4%
__

No large burns are possible.

NO BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS 0

CASE 4. Cntmt Steam [0-15%], Cntmt Eff H2 [4-B%) jH2) = 6%
And No AC Power Available Late

NO BURN 0.71
LG BURN 0.29 BASE PRESS 7.6 PEAK PRESS 19.4 -

O
CASE 5. Cntmt Steam [0-15%}, Cntmt Eff H2 [B-12%) [H2] - 10%

And No AC Power Available Late

NO BURN 0.67
LG BURN 0.33 BASE PRESS 8.8 PEAK PRESS 51.6

CASC 6. Cntmt Steam [0-15%], Cntmt Eff H2 [12-16%) [H2] - 14%
And No AC Power Available Late

NO BURN 0.58
LG BURN 0.42 BASE PRESS 10 PEAK PRESS 92.6

CASE 7. Cntmt Steam 10-15%], Catmt Eff H2 [16-20%) [H2] = 18%
And No AC Power Available Late

NO BURN 0.49
LG BURN 0.51 BASE PRESS 11 PEAK PRESS 121

CASE 8. Cntmt Steam [0-15%], Cntet Eff H2 [ > 20%] [H2] - 24
And No AC Pcver Available Late

H.3 - 102
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- NO BURN 0.49
LG BURN 0.51 BASE PRESS 14 PEAK PRESS 166

CASE 9. Cntmt Steam [15-25%), Cntmt Eff H2 [4-8%) [H2] = 6%
And No AC Power Available Late

NO BURN 0.71
LG BURN 0.29 BASE PRESS 13 PEAK PRESS 26.7

CASE 10. Cntmt steam [15-25%), Cntmt Eff H2 [8-12%) [H2] = 10%
And No AC Pcver Available Late

NO BURN 0.67
LG BURN 0.33 BASE PRESS 15 PEAK PRESS 59.7

CASr. 11. Cntmt Steam [15-25%), Cntmt Eff H2 [12-16%] [H2] = 14%
And No AC Power Available Late

NO BURN 0.58
LG BURN 0.42 BASE PRESS 17 PEAK PPESS 96.8

CASE 12. Cntmt Steam [15-25%), Cntmt Eff H2 [16-20%) [H2] = 18%
And No AC Pover Available Late

NO BURN 0.49
LG BURN 0.51 BASE PRESS 19 PEAK PRESS 126

CASE 13. Cntmt Steam [15-25%), Cntmt Eff H2 [ > 20%] [H2] = 24%
And No AC Power Available Late

NO BURN 0.49
LG BURN 0.51 DASE PRESS 23 PEAK PRESS 170

CASE 14. Cntmt Steam [25-35%], Cntmt Eff H2 [4-8%] [H2] = 6%
And No AC Power Available Late

NO BURN 0.71
LG BURN 0.29 BASE PRESS 19 PEAK PRESS 34.1

CASE 15. Cntmt Steam [25-35%), Cntmt Eff H2 [B-12%] [H2] = 10%
And No AC Power Available Latt

NO BURN 0.67
LG BURN 0.33 BASE PRESS 21 PEAK PRESS 67.9

CASE 16. Cntmt Steam [25-35%), Cntmt Eff H2 [12-16%) [H2] - 14%
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And No AC Power Available Late O
NO BURN 0.58
LG BURN 0.42 BASE PRESS 24 PEAK PRESS 103

CASE 17. Cntmt Steam [25-35%), Cntmt Eff H2 [16-20%] [H2] = 18%
And No AC Power Available Late

NO BURN 0.49
LG BURN 0.51 BASE PRESS 28 PEAK PRESS 134

CASE 18. Lntmt Steam [25-35%), Cntmt Eff H2 [ > 20%] [H2] - 24%
And No AC Power Available Late

NO BURN 0.49
LG BURN 0.51 BASE PRESS 34 PEAK PRESS 161

,

CASE 19. Cntmt Steam [35-45%], Cntmt Eff H2 [4-8%) [H2] - 6%
And No AC Power Available Late

NO BURN 0.71
LG BURN 0.29 BASE PRESS 27 PEAK PRESS 44

CASE 20. Cntmt Steam (35-45%], Cntmt Eff H2 [8-12%) [H2] = 10%
And No AC Pucer Available Late

NO BURN 0.67
LG BURN 0.33 BASE PRESS 30 PEAK PPESS 79.6

CASE 21. Cntmt Steam [35-45%), Cntmt Eff H2 [12-16%) [H2] = 14%
And No AC Power Available Late

NO BURN 0.58
LG BURN 0.42 BASE PRESS 35 PEAK PRESS 112

CASE 22. Cntmt Steam (35-45%), Cntmt Eff H2 [16-20%) [H2] - 18%"

And No AC Power Available Late

NO BURN 0.49
LG BURN 0.51 BASE PRESS 40 PEAK PRESS 143

CASE 23. Cntmt Steam [35-45%), Cntmt Eff H2 [ > 20%) [H2] - 24%
And No AC Power Available Late

NO BURN 0.49
LG BURN 0.51 BASE PRESS 50 PEAK PRESS 157
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<x CASE 24. Cntmt_ Steam [45-55%|, Cntmt Eff H2 [4-8%) [H2] . 6%
(.v) And No AC Power Available Late

NO BURif 0.71
LG BURN- 0.29 BASE PRESS 38 PEAK PRESS 58.2

CASE 25. Cntmt Steam [45-55%), Cntmt Eff H2 [8-12%] [H2] = 10%-

And No AC Power Available Late

NO BURN 0.67
LG BURN 0.63 BASE PRESS 44 PEAK PRESS 97.9

,

i

CASE 26. Cntmt Steam |45-55%), Cntmt Eff H2 [12-16%] [H2] = 14%
And No AC Pover Available' Late

NO BURN 0.58
LG BURN 0.42 BASE PRESS 51 PEAR PRESS 128

CASE 27. Cntmt Steam [45-55%), Cntmt Eff H2 [16-20%] [H2) = 18% |
And No AC Power A';cfc'Thl Late--

NO BURN 0.49
LG BURN 0.51 BASE PRESS 59 PEAK PRESS 146

,G
\- CASE 28. Cntmt Steam [45-55%), Cntmt Eff H2 [ > 20%] [H2] = 24%-

And No AC Power Available Late

NO BURN 0.49
-LG BURN 0.51 BASE PRESS 78 PEAK PRESS 168

CASE 29. Cntet Steam [0-15%), Cntmt Eff H2 [4'-8%] [H2] = 6%-
Land AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 7.6 PEAK PRESS 19.4

CASE 30. Cntmt Steam [0-15%), Cntmt Eff H2 [8-12%] [H2] = 10%
And AC Power Available Late

NO BURN 0.
LG BURN- 1. BASE PRESS 8.8 PEAK PRESS 51.6

CASE 31. Cntmt Steam [0-15%], Cntmt Eff H2 [12-16%) [H2] = 14%
And AC Power Available Late

NO BURN 0.-

') LG BURN 1. BASE PRESS 10 PEAK PRESS 92.6
,
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CASE 32. Cntmt Steam [0-15k], Cntmt Eff H2 (16-20%) [H2]=18%|h
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 11 PEAK PRESS 121

CASE 33. Cntmt steam [0-15%), Cntmt Eff H2 [ > 20%] [H2] - 24%
And AC Power Available Late

NO BURN 0.
! LG BURN 1. BASE PRESS 14 PEAK PRESS 166

CASU 34. Cntmt Steam [15-25%), Cntmt Eff H2 [4-8%] [H2] - 6%
And AC Pover Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 13 PEAK PPSSS 26.7

CASE 35. Cntmt Steam [15-25%], Cntmt Eff H2 [8-12%] [H2] = 10%
And AC Power Available Late

NO BURN 0.
PEAKPRESS59.7ggLG BURN BASE PRESS 15'

.

CASE 36. Cntmt Steam [15-25%], Cntmt Eff H2 [12-16%) [H2] = 14%
And AC Povet Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 17 PEAK PRESS 96.8

CASE 37. Cntmt Steam [15-25%], Cntmt Eff H2 [16-20%] [H2] = 18%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 19 PEAK PRESS 126

CASE 38. Catmt Steam [15-25%], Cntmt Eff H2 [ > 20%] [H2] - 24%
And AC Power Available Late

NO SURN 0.
LG BURN 1. BASE PRESS 23 PEAR PRESS 170

CASE 39. Cntmt Steam (25-35%], Cntmt Eff H2 [4-8%) [H2] - 65
And AC Power Available Late I

NO BURN 0.
LG BURN 1. BASE PRESS 19 PEAK PRESS 34.1

|
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CASE 40. Cntmt steam (25-35%], Cntmt Eff H2 [8-12%] 1H2} - 10%
And AC Pover Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 21 PEAK PRESS 67.9

CASE 41. Cntmt Steam (25-35%), Cntmt Eff H2 [12-16%) [H2] - 14%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 24 PEAK PRESS 103

-.

CASE 42. Cntmt Steam [25-35%), Cntmt Eff H2 [16-20%] [H2] = 18%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 28 PEAK PRESS 134

("
CASE 43. Cntmt Steam [25-35%], Cntmt Eff H2 [ > 20%] [112] . 24%

And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 34 PEAK PRESS 161

-( CASE 44. Cntmt Steam (35-45%], Cntmt Eff H2 [4-8%) [H2] = 6%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 27 PEAK FRESS 44

-

CASE 45. Cntmt Steam (35-45%], Cntmt Eff H2 [8-12%] [H2] - 10%
And AC Pover Avalleble Late

NO BURN 0.
LG BURN 1. BASE PRESS 30 PEAK PRESS 79.6

CASE 46. Cntmt Oteam [35 45%), Cntmt Eff H2 [12-16%) [H2] - 14%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 35 PEAK PRESS 112

CASE 47. Cntmt Steam (35 45%), Cntmt Eff H2 [16-20%) [Il2] . 18%
And AC Power Available Late

O NO BURN 0.
LG BURN 1. BASE PRESS 40 PEAK PRESS 143
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CASE 48. Cntmt Steam 135-45%), Cntmt Eff H2 [ > 20%) [H2]-24%|h
And AC Povet Available Late

NO BURN 0.
,

LG BURF 1. BASE PRESS 50 PEAK PRESS 157

CASE 49. Cntat Steam 145-55%], Cntmt Eff H2 [4-8%] [H2] = 6%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 38 PEAK PRESS 58.2

CASE 50. Cntmt Steam [45-55%), Cntmt Eff H2 [8-12%) [H2] = 10%
~

And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 44 PEAK PRESS 97.9

CASE 51. Cntmt Steam (45-55%], Cntmt Eff H2 [12-16%] [H2] = 14%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 51 PEAK PRESS 128

CASE 52. -Cntmt Steam [45-55%), Cntmt Eff H2 [16-20%] [H2] = 18%
And AC Power Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 59 PEAK PRESS 146

"

CASE 53. Cntmt Steam [45-55%), Cntmt Eff H2 [ > 20%] [H2] - 24%
And AC Pover Available Late

NO BURN 0.
LG BURN 1. BASE PRESS 78 PEAK PRESS 168

CASE 54. Otherwise, should Never Reach This case

NO BURN 1.
LG BURN 0. BASE PRESS 0 PEAK PRESS 0

Event Dependenciest Hydrogen Ignition Sources Available Late (Event 57),
Containment Steam Concentration Late (Event 58),
Containment Effective Hydrogen Concentration Late (Event
60), AC Power Available Late (Event 61).'

-Quantification Basis: IPE Engineering Calculation - Hydrogen Burns [with MAAP &
3.0B Rev 7.02 using " Recommended Sensitivity Analyses W
For An IPE Using HAAP 3.0B" (EPRI 1991)]. Grand Gulf
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(Brown 1990) A?ET Event 110. Reference Table

O H.3.10-1.

EVENT 63. HYDROGEN DETONATION LATE CONTAIN.-ONT FAILURE - H2_DET

Two Branches:

DET CF H2 Detonation Late Containment Failure
NO No H2 Detonation Late Containment Failure

Given that a large burn vac ignited in containment late in the sequence this
event assesses whether the burn transitioned to a detonation and whether --

containment failure resulted from the detonation impulse loading. If no large

burn was ignited or if the cont inment atmosphere vas inert to detonations (>
35% steam concentration) then ; detonation was assumed to occur.

The probability of a hydrogen detonation occurring is taken to be a function of
the steam concentration and the effective hydrogen concentration in containment.

EVNTRE Question Type: 2. (Dependent Split Fraction)

FROBABILITIES:

CASE 1. Large Burn Late

Vith no large burn late, no trigger exists for a hydrogen detonation.

DET CF 0.
No 1.

.

CASE 2. Containment Steam Concentration Greater Than 35%

Steam concentrations greater than 35% prevent hydrogen detonation.

DET CF 0.
NO 1.

CASE 3. Containment Effective Hydrogen Concentration
Less Than 12%

DET CF 0.
NO 1.

CASE 4. Containment Steam Concentration High
And Slowly Lecreasing Less Than 35%

O. And Effective Hydrogen Concentration 12-16%

H.3 - 109
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This occurs when offsite power is recovered before the containment
overpressure threshold limit and sprays are available during SB0 h
sequences, and the effective hydrogen is 12-16%.

DET CT 0.022
NO 0.978 j

CASE 5. Containment Steam concentration Lov
knd Ef fective flydrogen Concentration 12-16% |

i

DET CF 0.
NO 1. ,

CASE 6. Containment Steam Concentration liigh I

And Slowly Decreasing Less Than 35%
And Effective Hydrogen Concentration > 16%

This occurs when offsite power is recovered before the containment
overpressure threshold limit and sprays are available during SB0
sequences, and the effective hydrogen is > 16%.

DET CF 0.025
NO 0.975

CASE 7. Containment Steam Concentration Lov
And Effective Hydrogen Concentration 16-20%

DET CF 0.10
NO 0.84

CASE 8. Containment Steam Concentration Lov
And Ef fective flydrogen Concentration > 20%

DET CF 0.27
NO v.73

CASE 9. Otherwise Should Never Reach This case.

DET CF 0.
NO 1.

Event Dependencies: Event Type (Event M, 0+1 site power Recovery Tinae (Event
7), Mode of RHR Spray Operation Late (Event 56),
Containment Steam Concentration Late (Event 58),
'ontainment Effective Hydrogen Concentration Late (Event

Large H2 Burn Late (Event 62).'

Quantification Basist Grand Gulf (Brown 1990) APET Events 18, 44, 86, and 1111
and Sequoyah Analysis (Volume 5 Rev 1 Part 1 Page 2.2,
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Part 2 Table A.3.1-1) page 15 and 16. Reference TableO J 3.10-2.

EVENT 64. "ydrogen Burn Late Containment Failure - CF

Two Branches

FAILURE Containment Failure Due to Late Hydrogen Butn
NO TAILURE Containment tiot Failed

1

This event assesses whether containment failure occurs following RPV failure as
a result of a hydrogen burn. If a hydrogen detonation has occurred which fails
the containment then containment failure has occurred. If a large hydrogen burn
was ignited then this event compares the peak containment pressure for the burn
(Parameter 5) with the containment fragility curve and determines the
probability of falling the containment.

EVNTRE Question Type: 6. (Dependent event using previously defined parameters
and a user function)

PROBABILITIES:

() CASE 1. Hydrogen Detonation Late Containment Failure

FAILURE 1.
NO FAILUhE 0.

CASE 2. Othervise, Fcr Those Remaining Sequences
Determine the Probability of containment
Failure Due To Large Hydrogen Burns

USER FUNCTION FAILURE NO FAILURE

If Peak Containment Pressure > 80 Psig 1. O.
> 75 0.98 0.02
> 70 0.90 0.10
> 65 0.69 0.31
> 60 0.39 0.59
> $5 0.15 0.85
> 50 0.034 0.966
Else 0. 1.

Event Dependencies: Ilydrogen Detonation Late Containment Failure (Event 63).

Quantification Basist Perry Nucleat Pover Plant IPE Containment Capacity
Analysis, nr.d IPE Engineering Calculation - Containment'

Fragility.
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EVENT 65. CONTAINHENT STATUS AT ACCIDENT FROGRESSION COMPLETION - CNTHT_ST

Tour Branches

EARLY CF Early Containment Failure
LATE CP Late Overptessure Failure
VENT Containment Vent
N3 LATE CF Containment Not failed or Vented

This event assesses whether containment failure occurs late in the sequence
progression due gradual overpressurization from steam and non-condensible gas
generation. This event also assess whether the containment was vent' -

prevent overpressure failure. The event pathway probabilities are a (3.. tion of
whether containment f ailure has alreedy occurred earlier in the accis .::'
vhether containment heat removal is available, whether the containment is
vented, and the sequence type.

EVNTRE Question Type: 2. (Dependent Spilt Practions)

PROBABILITIES:

CASE 1. Containment Failed At Core Damage

OEARLY CF 1.
LATE CF 0.
VEN! 0.
NO LATE CF 0.

CASE 2. Containment Vent Not Isolated At RPV Failure
During SB0 Sr.quences

EARLY CF 1.
LATE CF 0.
VENT 0.
NO LATE CF 0.

CASE 3. Containment Failure Eefore RPV Failure

EARLY CF 1.
LATE CF 0.
VENT 0.
NO LATE CF 0.

CASE 4. Containment Failure At/Near RPV Failure

EARLY CF 1.
LATE CF 0.
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,

t!

VENT 0. !

O NO LATE CF 0.
,

,

t

CASE 5. Containment Intact At Core Damage '

And A Critical ATVS Sequence

This applies to the sensitivity case of improving the Plant Emergency
Instructions to control reactor power such that containment heat i

removal can be successful with venting.

EARLY CF 0.
LATE CF 0.

'
VENT 1.

_NO LATE CF 0.
.

,

,

CASE 6. Containment Heat Removal Vith RHR Spray or
RHR Pool Cooling and No Pool *)ypass,
And Dry CCI

EARLY CF 0.0
LATE CF 0.1
VENT. 0.0
NO LATE CF 0.9

CASd 7. Containment Heat Removal Vith RHR Spray or
RHR Pool Cooling and No Pool Bypass,
And No Dry LCI

EARLY CF 0.
! LATE CF 0.

VENT 0.
NO LATE CF 1. ,

CASE 8. Containment Heat Removal Vith RHR Pool Cooling
And No Pool Bypass, And No Vent

!

f EARLY CF 0.00
1- LATE CF 0.75

! VENT 0.00
L NO LATE CF 0.25

CASE 9.- Containment Heat Removal Vith Vent
l-
l EARLY CF 0.

LATE CF 0.
VENT 1.

:NO LATE CF 0. .

H.3 - 113
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CASE 10. No Containment lleat Removal Vith RHR,
And SB0 Sequences Vith Early and Intermediate |h
Loss of Injection

EARLY CF 0.
LATE CF 1.
VENT 0.
NO LATE CF 0.

CASE 11. No Containment llent Remor.1 Vith RilR
And SB0 Sequences Vith Late Injection Loss

EARLY CF 0.
LATE CF 1.
VENT 0.
NO LATE CF 0.

CASE 12. No Containment fleat Removal Vith RHR
And Early or Intermediate Loss of Injection

EARLY CF 0.
LATE CF 1.
VENT 0.
NO LATE CF 0.

O
CASE 13. No Containment Heat Removal Vith RHR

For All Other Sequences

EARLY CF 0.
LATE CF 1.
VENT 0.
NO LATE CF 0.

CASE 14. Otherwise, should Never Reach This Case

EARLY CF
LATE CF
VENT
NO LATE CF

C

Event Dependencies: Containment Status At Core Damage (Event 2), Event Type
i: (Event 3), Containment Vent Isolated At RPV Failure

(Event 5), RPV Injection Failure Time (Event 6), Offsite
Power Recovery Time (Event 7), Containment Heat Removal
Vith RHR Loop (Event 8), Containment lleat Removal Vith
Vent (Event 9), Containment Failure Before RPV Failure
(Event 24), Containment Failure At/Near RPV Failutt
(Event 46), Pool Bypass Before/Near RPV Failure (Event

4
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Quaritification Basist IPE Engineering Calculation - HAAP Accident Progression
Analysis, and engineering judgement.

EVEN1 66. MODE OF LATE HYDROGEN AND SLOV OVERPRESSURE CONTAINHENT FAILURE

- LATE _CF

Two Branches

ANCHORAGE Containment Anchorage Failure Mode
FEN-DOM /NO CF Containment Penetration or Dome Failure Mode, -

Or No Containment Failure Mode

Given *.at containment failure has occurred then the probability of various
modes of containment failure are determined by this event. For sequences where
the containment has failed by a hydtogen burn the peak containment pressure from
the bi.irn is used to estimate the probability of each failure mode. The
individual fragility curves fo. the dominant !silure modes vere used to
determine the conditional probabilities for each failure mode as a function of
the failure pressure. The peak burr. pressure is then used to determine the
probability of each failure mode.

r\
('- ) Note that this succinct sorting of failure modes into just two catec,ories can be

used to characterire penetration / dome containment failure with a 9.astion asking
sequence oft 1) No Containment failure, 2) Anchorage Containment Failure, and
then 3) Containment Failure (which vould provide the remaining Penetration / Dome
containment faili'res).

EVNTRE Question Typet 6. (Dependent event using previously defined para eters
-

and a user function)
*

PROBABILITIES:

CASE 1. Late Containment Failure Due To Steam Overpressure

This case is for gradual steam overpressure late.

ANCHORAGE 0.15
PEN-D0H/NO CF 0.85

CASE 2. No Containment Failure Late Due to Hydrogen Burns

This sorting case assigns the no containment failure secuences.

ANCHORAGE 0.

() PEN-D0h/NO CF 1,
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CASE 3. Hydrogen Detonation Containment Failure. ;

All detonations are considered to most likely occur in the dome region
and are assigned to the peittration-dome or no containment failure.

ANCHORAGE 0.
PEN-DOH/NO CF 1.

CASE 4. Otherwise, The Remaining Sequences Are
Hydrogen Deflagration Containment Failure

USER FtJNCTION ANCHORAGE PENETRATION

If Peak Containment Pressure > 140 Psig 1. O.
> 130 0.98 0.02
> 120 0.95 0.05
> 115 0.90 0.10
> 110 0.85 0.15
> 105 0.78 0.22

'

> 100 0.71 0.29
> 95 0.61 0.39
> 90 0.51 0.49
> 85 0.41 0.59
> 80 0.30 0.70
> 75 0.21 0.79
Else 0.15 0.85

Event D pendencies: Hydrogen Burn Late Containment Failure (Event 64),
Containment Status At Accident Completion (Event 65).

Quantification Basis Perry Nuclear Fover Plant I?E Containment capacity
Analysis, and IPE Engineering Calculation - Containaent
Failure Modes conditional Probability.

H.3.ll POOL BTPASS 1ATF

This APET Gcoup of Events 67 and 68, determines the probability of pool bypass
late in the accident progression. lission product scrubbing in the suppression
pool.is an effective fission product mitigation mechanism. However, if the
release pathway bypasses the suppression pool this mechanism is not effective.
Pool bypass may result from a number of causes. These include: 1) structural
failure of the dryvell, 2) excessive leakage through dryvell penetrations, or
loss of suppression pool vater below the level of the horizontal vents or the
SRV quenchers.

Dryvell structural failure may resuit from transient over-pressurization of the
dryvell or vetvell resulting in a sufficiently high dryvell/vetvell differential
pressure to cause failure of the dryvell head, ceiling or valls. Loss of
suppression pool vater may result from containment failure modes (such as the
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containment anchorage) in the pool region or as a result of interfacing systemsr

( LOCAs.

This event is dependent on the folloving Events in the Perry APET.

EVENT 67. DPYVELL FAILURE LATE DUE TO LATE liYDROGEN BURN - DV, LATE
IN THE CONTAINHENT

Tvo Branches

DV FAILURE Dryvell Failure Due To Late flydrogen Burn
NO DV TAIL No Dryvell railure

_

Given that a large hydrogen burn has occurred late in the sequence this event
assesses whether dryvell failure results from excessive differentia?. pressure
across the dryvell boundary. If a large burn has not occurred in containment
then dryvell integrity is not challenged (by hydrogen combustion). For cases
where a large hydrogen burn has occurred two parameters have been set which give
the peak burn pressure in containment during the burn and the containment
pressure prior to the burn. It is assumed that the dryvell pressure remains
constant during the burn in containment. Given the value of these two
parameters the peak dryvell differential pressure is calculated and compared
against the dryvell fragility curve in a user function to estimate the
probability of dryvell structural failure.

EVNTRE Ouestion Type 6. (Dependent event using previously defined parameters
and a user function)

PROBABILITIES:
~

CASE 1. Large Hydrogen Burn Late

USER FUNCTION DV FAILURE NO TAILURE

If Cntmt/DV Differential Pressure < 40 Psid O. 1.
< 55 0.05 0.95
< 60 0.17 0.83
< 65 0.27 0.73
< 70 0.41 0.59
< 75 0.55 0.45
< 80 0.68 0.32
< 85 0.79 0.21
< 90 0.88 0.12
< 95 0.93 0.07
Else 1. O.

(''} CASE 2. Otherwise, For Remaining Sequences Vith No Large Burns
\s./ Default To No Dryvell Failure
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DV PAILURE 0
NO DV FAIL 1

Event Dependencies: LarEe flydroten Burn Late (Event 62).

Quantification Basis: Perry Nuclear Pover Plant IPE containment Capacity
Analysis, and IPE Enginetring Calculation - Dryvell
Pragility.

EVENT 68. POOL BYPASS LATE - LATE _PB

Two Branches:

LATE POOL BYP Late Pool Bypass
NO LATE BYP No Late Bypasu

This summary event assess the probability ti.at pool bypass vill occur late in
the accident sequence. This event considers pool bypass tenulting from dryvell
failure form hydrogen combustion in the containment (APET Event 60), pool bypass .

due to containment anchorage failurn (APET Event 64) and pool bypass resulting
from pedestal failurs caused by CCI (APET Event 53).

EVNTRE Outatien Typen 2. (Dependent Split Practions) |g

PROBABILITIES:

CASE 1. Dryvell Failure Due To Late Hydrogen Burn
In Containme.nt

1 ATE POOL BYP 1.
NO LATE BYP 0.

CASE 2. Pool Bypass By Containment Anchorage Failure Late

LATE POOL BYP 1.
NO LATE BYP 0.

CASE 3. Pool Bypass By Pedestal Failure Due To CCI Erosion

LATE POOL BYP 1.
NO LATE BYP 0.

CASE 4. Pool Bypass By Penetration Failure Associated Vith
Hij;h Temperature During Dry CCI

iATE POOL BYP 1.
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!
: H0 LATE BYP 0.

CASE 5. Dryvell Vacuum Breaker Failute Due To Large Burn
Vhen AC Power Is Available

LATE POOL BYP 0.05
NO LATE BYP 0.95

CASE 6. Otherwise, For The Remaining Sequences
Pool May Be Bypassed By other Failures

LATE POOL BYP 0.0001
NO LATE BYP 0.9999

Event Dependencies: Event Type (Event 3). Offsite Power Recovery Time (Event
7), Type Of Core Debris Concrete Interactions (Event
54), Pedestal Failure Due To Core Debris Concrete
Interaction (Event 55) Large Hydrogen Burn Late (Event
62), Mode of Late Hydrogen And Overpressute Containment
Fnilure (Evtnt 66), Dryvell Failure Due To Late Hydrogen
Burn In Containment (Event 67).

Quantification Basis: Grand Gulf (Brown 1990) APET 95, and engineering
judgement.

O
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TABLE H.3.3 1 HYDROGEL 4 COVBUSTION PARAMETERS BEFORE RPV FAILURE

O

112 BUR!! BASE AICC PEAK LARGE BURN

CASE (H2] [STEAH] EFFICIENCY PRESSURE PRESSURE PRESSURE PROBABILITY i

(Small Burn At Lov flydregen Concentratien) .01 Lov ---

2 >55% (Steam-Inert Containment Atmosphere ) .0---

3 .256 .075 .88 9 161 142 .5 |

4 .188 .075 .88 6 111 98 .5 |

5 .105 .075 .62 4 62 40 .28

6 .221 .20 .75 14 159 123 .5

7 .162 .20 .74 11 133 87 .5

8 .090 .20 .50 9 65 37 .28

9 .194 .30 .65 20 163 113 .5

10 .142 .30 .63 16 118 80 .39

11 .079 .30 .40 13 69 36 .25

12 .166 .40 .54 27 169 104 .44

13 .122 .40 .51 23 124 75 .33

14 .060 .40 .33 19 74 37 .23

15 .138 .50 .43 37 179 98 .39

16 .102- .50 .44 32 133 76 .28

17 .057 .50 .25 27 82 40 .23

9
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TABLE H.3.3-2 PROBABILITY OF CONTAINHENT FAILURE
m-

) FROM A H2 DETONATION PRIOR TO RPV FAILURE

CONTAINMENT
!!EAN CONDITIONAL CONTAINHENT

DETONATION IMPULSE FAILURE FAILURE
CASE ( 11 2 ] [STEAHj FROBABILIT! LOADING PROBABILITY Ph0BABILITY

(KPA-$) (GIVEN A H2 DET)

i 1 ( NO LARGE BURN IGNITED )
-- --

|

| 2- ALL- >35% 0. O. O. O.

_- 3 _ < 12% ALL 0. O. O. O.

4 12-16 HI & DECREASING .22 $.8 0.1 0.022

5 12-16 LOV 0. O. O. O.

7 > 20. III & DECREASING .25 5.8 0.1 0.025_,s

8 > 20 LOV .45 12.4 0.6 0.27

6,9 16-20 . LOU .26 12.4 0.6 0.16

l

,

.j:

i i

t

*
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TABLE 11.3.5-1 HAAP PREDICTION FOR PEAR PEDESTAL PRESSURE AT RPV FA7 LURE '

TOR LOOP AND SB0 SEQUENCE TYPES VITH LOSS OF ALL INJECTION

VATER IN RPV INITIAL SIZE PEAK
HAAP RUN PEDESTAL PRESS OF RPV LOVER PEDESTAL
NUMBER FM SPHU HEAD FAILURE PRESSURE

(FEET) (SQUARE FEET) (PSID)

INSTRUMENT TUBE
PENETRATION

PPD _0_01 6 HIGli .023 648

CONTROL ROD DRIVE
'

PENETRATION

PPD _0_02 6 HIGH .20 289

BOTT0H RPV HEAD
LARGE FAILURE

PPD _0_03 6 11IGH 21.5 1124

PPD _0_06 0 HIGH INST TUBE PENETRATION 78

O
PPD _0_07 0 HIGH CRD DRIVE PENETRATION 48

i

PPD _0_08 0 HIGH BTH HEAD LARGE FAILURE 533

PPD _0_11 0 Low Inst Tube Penetration 2.8

PPD _0,12 0 Lov CRD Drive Penetration 1.8

PPD _0_13 0 Lov Btm Head large Failure 15.9

PPD _0,16 3 Lov Inst Tube Penetration 59

PPD _0_17 3 Lov CRD Drive Penetration 46

PPD _0_18 3 Lov Btm Head large failure 791

0
.
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.



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

i

.

!

'

TABLE H.3.6-1 HYDROGEN COMBUSTION PARAMETERS AT/NEAR RPV FAILURE

\ !

i

H2 BURN BASE AICC PEAK BURN LARGE BURN
CASE {H2] [ STEAM) EFFICIENCY PRESSURE PRESS PRESS PARM PROBABILITY

1 l ov. --- _ -{ Continuous Ignition Source Available ) 0.
>55% (Steam-Inert containment Atmosphere ) O.2

>
---

3 .217 .075 .88 13 165 147 A,D 1. ;

4 .217 .075 .80 17 169 151 H 0.63
5 .217- .075 .88 13 165 147 0 0.49 :

'

6- .188 .20 .75 20 169 131 A,D 1.
7 .188 .20 .75 24 173 135 H 0.63
8 .188 .20 .75 20 169 131 0 0.49 ,

9 .164 .30 .64 26 173- 120 A,D 1.
10 .164 .30 .64- 30 177 124 H 0.63
11 .164 .30 .64 26 173 120 0 0.49
12 .141 .40 .53 35 182 113 A,D 1.
13 .141 .40 .53 39 186 117 H 0.56
14 .141 .40 .53 35 182 113 0 0.38 ,

15 .117 .50 .43 46 193 109 A,D 1.
16 -.117 .50 .43 50 197 113 H 0.43 ,

17 .117 .50 .43 46 193 109 0 0.28
'

-18_ .157 .075 .87 11 118 104 A,D 1.

O 19 .157 .075 .87 15 122 108 H 0.56
20 .157 .075 .87 11 118 104 0 0.38
21 .136 .20 .73 17 123 94 A,D 1. j

22 .136 .20 ' 73 21 127 98 H 0.56.

23 .136 .20 .73 17 123 94 0 0.38
*

24 .119 .30 .58 23 127 83 A,D 1.
25 .119 .30 .58 27 131 87 H 0.43
26 .119 .30 .58 23 127 83 0 0.28
27 .102 .40 .48 31 135 81 A,D 1.
.19 .102 .40 .48 35 139 85 H 0.43
29- .102 .40 .48 31 135 81 0 0.28
30 .085 .50- .38 41 145 81 A,D 1. -

31 .085 .50 .38 45 149 85 H 0.43
32 .085 .50 .38 41 145 81 0 0.28 .

33 .086- .075 .50 8 68- 38 A,D 1.
34 .086 .075 .50- 12 72 42 H 0.43
35 .086 .075 .50 9 68 38 0 0.28
36 .074 .20 .38 14 72 36 A,D 1. '

37 .074 .20 .38 18 76 40 H 0.29
:38 .074- .20 .38 14 72 36 0 0.21

BURN PARAMETER KEY: A - AC Power kecovered
D Oryvell failure
H - High Pressure Melt Fjection

;

0 . Other, No AC Power - No Dryve11 Failure - No HPHE

.
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TABLE 11.3.6-1 (cont) IlYDROGEN COMBUSf10N PARAHETERS AT/NEAR RPV FAILURE

O

d2 BURN BASE AICC PEAK BURN LARGL DURN
CASE ( 11 2 ] [STEAH] EFFICIENCY PRESSURE PRESS PRESS PARH IROBABILITY

39 .065 .30 .31 19 77 37 A,D 1.
40 .065 .30 .31 23 81 41 H 0.29
41 .06$ .30 .31 19 77 37 0 0.21

,

42 .056 .40 .25 27 84 41 A,D 1.
43 .056 .40 .25 31 88 45 H 0.24
44 .056 .40 .25 27 84 41 0 0.21
45 .046 .50 .18 36 91 46 AD 1.
46 .046 .50 .18 40 95 50 11 0.29
47 .046 .50 .18 36 91 46 0 0.21

BURN PARAMETER KEY: A - /.C Power Recovered
D - Dryvell Failure
11 - High Pressure Melt Ejection
0 - Other, No AC Power - No Dryvell Failure - No llPHE

,

O

H.3 - 126



__ .y

/3 TABLE 11.3.6-2 PROBABILITY OF C0t4TAINHENT FAILURE

V FROH A 112 DETONATION AT/NEAR TO RPV FAILURE

f-

Containment
an Conditional Containment

Detonation Impulse Failure Failure
l CASE (l!2) ( S t earr.) Probability Loading Probability Probability ?

(kPa-s) (Civen a 112 Det) ;

i
( No Large Burn Ignited )1 -- --

2 All >35% 0. O. O. O.'

6- < 12% All 0. O. O. O.

7 12-16 111 & Decreasing .22 5.8 0.1 0.022

8 12-16 Lov 0. O. O. O.

r 3 > 20 Hi & Decreasing .25 5.8 0.1 0.025
L

4,6 > 20 Lov .45 12.4 0.6 0.27
|

| - 5,9 16-20 Lov .26 12.4 0.6 0.16

;

l'

..-

i-

O
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TABLE 11.3.10-1 IlYDROGEN COMBUSTION l'ARAMETERS AT LATE CONTAINK"NT FAILURE

112 BURN BASE AICC PEAK LARGE BURN
CASE [H2] | STEAM) EFFICIENCY l'RESSURE PRESSURE PRESSURE PROBABILITY

1 Lov (Continuoua Ignition Source Available ) .0---

2 >55% (Steam-Inert containtnent Atmosphere } .0---

3 < .04 (Large Deflagration Burns Not Possible ) .0---

( Cases 4 - 28 are for the condition: No AC Power Late ]

4 .06 .075 .28 7.6 50 19 4 .29
5 .10 .075 .62 8.8 70 $1.6 .33
6 .14 .075 .86 10 106 93 .42
7 .18 .075 .88 11 135 121 .51
8 .24 .0/5 .88 14 187 166 .51
9 .06 .20 .28 13 61 26.7 .29

10 .10 .20 .57 15 93 59.7 .33
11 .14 .20 .73 17 126 97 .42
12 .18 .20 .75 19 161 126 .51
13 .24 .20 .75 23 219 170 .51
14 .06 .30 .28 19 72 34.1 .29
15 .10 .30 .53 '1 109 67.9 .33
16 .14 .30 .63 24 149 103 .42
17 .10 .30 .65 28 191 134 .51
18 .24 .30 .65 34 229 161 .51
19 .06 .40 .28 27 88 44 .29
20 .10 .40 .48 30 133 79.6 .33
21 .14 .40 .53 35 181 112 .42
22 .18 .40 .54 40 231 143 .51
23 .24 .40 .54 50 249 157 .51
24 .06 .50 .28 38 110 58.2 . 2 '/

25 .10 .50 .44 44 167 98 .33
26 .14 .50 .43 51 230 128 .42
27 .18 .50 .44 59 256 146 .51
28 .24 .50 .44 78 283 160 .51

O
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TABLE 11.3.10-1 continued

ilYDROGEN COMBUSTION PARAMETERS AT LATE CONTAINHENT FAILURE

112 BURN BASE AICC PEAK LARGE BURN

CASE [H2] [ STEAM) EFFICIENCY PRESSURE PRESSUPE PRESSURE PROBABILITY

l Cases 29 - 54 are for the condition: AC Power Availabic Late j

29 .06 .075 .28 7.6 50 19 4 1.
30 .10 .075 .62 8.8 79 51.6 1.
31 .14 .075 .86 10 106 93 1. ---

32 .18 .075 .88 11 135 121 1.
33 .24 .075 .88 14 187 166 1.
34 .06 .20 .28 13 61 26.7 1.
35 .10 .20 .57 15 93 59.7 1.
36 .14 .20 .73 17 126 97 1.
37 .18 .20 .75 19 161 126 1.
38 .24 .20 .75 23 219 170 1.
39 .06 .30 .28 19 72 34.1 1.
40 .10 .30 .53 21 109 67.9 1.
41 .14 .30 .63 24 149 103 1.
42 .18 .30 .65 28 191 134 1.

O 43 .24 .30 .65 34 229 161 1.
44 .06 .40 .28 27 88 44 1.
45 .10 .40 .'3 30 133 79.6 1.
46 .14 .40 .53 35 'al 112 1.
47 .18 .40 .54 40 231 143 1.
48 .24 .40 .54 50 249 157 1.
50 .06 50 - .28 38 110 58.2 1.
51 .10 .00 .44 44 167 98 1. >

52 .14 .50 .43 51 230 128 1.
53 .18 50 .44 59 256 146 1.
54 .24 .50 .44 78 283 168 1.

:

O
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TABl.E 11.3.10-2 PROBABILITY OF CONTAINMENT FAILURE
FROM A 112 DETONATION 1. ATE

!

|
|

!
,

'
con t air.aent

Hean Conditional Containment
Detonation Impulse Failure Failure

CASE [H2] [ Steam) Probability Loading Probes 111ty Probability

(kr s) (Given a 112 Det)

( No Large Burn Ignited )1 -- --

2 All >35% 0. O. O. O.

3 < 12% All 0. O. O. O.

4 12-16 111 & Decreasing .22 5.8 0.1 0.022

5 12-16 Lev 0. O. O. O.

6 > 16 111 & Decreasing .25 5.8 0.1 0.025

8 > 20 Lov .45 12.4 0.6 0.27

7 16-20 Lov .26 12.4 0.6 0.16

4
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APPENDIX 11 . 4
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The PNPP IPE Accident Progression Event Tree (APET) Program Prequency Output
File from the Event Progression Analysis (EVNTRE) code with the base case input
data file provides a record of.hov the paths through the tree vere propagated.
It provides useful information concerning split fractions for event branches and
cases.

O
()

1

!

,O

,

'
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1 TREE ID: PERPY IPE APET BASE CASE REVISION 0 19JUH1992
$ OF QUESTIONS: 68 -

STATS FOR SEQUENCE: 1

SEQUENCE ID: ALL SEQUENCES
INITIAL FREO.: 1.000E400

******** OUESTION: 1 PDS PARAMETER 1 NOT A CONTAINHENT BYPASS SEQUENCE
0-TYPE / TIMES ASKED: INDEP. INPUT PROB. 1

BRANCHF.S NoBYPASS EVENT V
1 2

REALIZED SPLIT: 1.000E+00 0.000E400

******** QUESTION: 2 PDS PARAMETER 2 CONTAINHENT STATUS AT CORE DAMAGE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 2

BRANCHES: INTACT FAILED
1 2

REALIZED SPLIT: 7.720E-01 2.280E-01

SUMMARY BY CAE3

CASE NUMBER / SPLIT: 1 1.000E400
DEPENDENCIES: 1

RE0. BRANCHES: 1

DESCRIPTION: NoBYPASS
CASr./ BRANCH SPLIT: 7.720E-01 2.280E-01

CASE NUMBER / SPLIT 2 0.000E400
DESCRIPTION: OTHERVISE

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

******** OUESTION: 3 PDS PARAMETER 3 EVENT TYPE: CNTHT INTACT / FAILED AT CORE D.
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 5

BRANCHES: SB0 LOOP N0 H OThER TYP CRIT ATVS LOOP & SB OTHE
1 2 3 4 5 6

REALIZED SPLIT: 9.032E-02 0.000E+00 6.817E-01 4.435E-02 4.355E-02 1.401

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 7.720E-01
DEPENDENCIES: 2

REO. BRANCHES: 1

DESCRIPTION: INTACT
L..JE/ BRANCH SPLIT: 9.032E-02 0.000E+00 6.817E-01 0.000E+00 0.000E+00 0.000

CASE NUMBER / SPLIT: 2 2.280E-01
DESCRIPTION: OTHERVISE $ DEFAULT TO NO BRANCH

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 4.435E-02 4.355E-02 1.401

******** OUESTION: 4 PDS PARAMETER 4 INITIAL CNTHT HEAT REMOVAL VITH SUP 1

0-TYPE / TIMES ASKED: DEP. INPUT PROB. 5

H.4 - 2 |
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b]/ BRANCHES: IN PL NO IN PL
1~ 2~

~

REALIZED SPLIT: 0.000E400 1.000E400

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 0.000E+00
DEPENDENCIES: 3

REO. BRANCHES: 2
DESCRIPTION: LOOP NO H

CASE /BRANCil SPLIT: 0.000E400 0.000E+00

CASE NUMBER / SPLIT: 2 1.000E400
DESCRIPTIONt OTICRVICE S NOT A LOOP N0 llVAC |

CASE / BRANCH SPLIT: 0 0000 00 1.000E+00

******** QUESTION: 5 PDS PARAMETER 5 CONTAINHENT VENT ISOLATED AT RPV FAILURE
0-TYPE / TIMES ASKEDr DEP. INPUT PROB. 6

BRANCHEl ISOLATED NOT ISOL
1 2

REALIZED SPLIT: 9.997F-01 3.161E-04 j

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 9.032F-02
O- DEPENDENCIES: 3

REO. BRANCilES: 1

DESCRIPTION: SB0
CASE / BRANCH SPLIT: 9.001E.02 3.161E-04 j

l

CASE NUMBER / SPLIT: 2 9.097E-01- |
DESCRIPTION: OTi!ERVISE $ DEFAULT TO ISOLATED |

CASE / BRANCH SPLIT: 19.097E-01 0.000E+00

-********- QUESTION: 6- PDS PARAMETER 6 RPV INJECTION FAILURE TIME
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 10

BRANCHES: NO INJECT RCIC HPCS NO BRANCH
1- 2 3 4

REALIZED SPLIT: 9.489E-01 2.527E-02 2.578E-02 0.000E+00

SUMMARY BY CASE 1

i

CASE NUMBER / SPLIT:- 1 9.000E-02
DEPENDENCIES: 3 5 '

REO. BRANCHES: 1 * 1

DESCRIPTION: SB0 ISOLATED
CASE /BRANCil SPLIT: 3.913E-02 2.518E-02 2.569E-02 0.000E+00

CASE NUMBER / SPLIT - 2 3.161E-04
![ DEPENDENCIES: 3

-REO. BRANCHES: 1

DESCRIPTION: SB0

H.4 - 3
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CASE / BRANCH SPLIT: 1.374E-04 8.846E-05 9.023E-05 0.000E400

CASE NUMBER / SPLIT: 3 0.000E+00
DEPENDENCIES: 3 4

REO. BRANCHES: 2 * 2

DESCRIPTION: LOOP NO H NO .N PL
CASE / BRANCH SPLIT: 0.00DE+60 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: 3 4

REO. BRANCHES: 2 * 1

DESCRIPTION: LOOP NO H IN PL
CASE / BRANCH SPLIT: 0.00DE+00 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT 5 9.097E-01
DESCRIPTION: OTHERVISE $ DEPAULT

CASE / BRANCH SPLIT: 9.097E-01 0.000E+00 0.000E+00 0.000E+00

******** OUESTION: 7 PDS PARAMETER 7 0FPSITE POVER RECOVERY TIME
20

0-TYPE / TIMES ASKED: DEP. INPdT PROB.
BRANCHES: PRIOR RV CNTHT LIH NO RECOV NO BRANCH

1 2 3 4

REALI2ED SPLIT: 4.132E-02 3.171E-02 9.270E-01 0.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.9263-02
DEPENDENCIES: 3 6

REO. BRANCHES: 1 * 1

DESCRIPTION: SB0 N0 INJECT

CASE / BRANCH SPLIT: 2.414E-02 1.401E-02 1.119E-03 0.000E+00

CASE NUMBER / SPLIT: 2 2.527E-02
DEPENDENCIES: 3 6

RE0. BRANCHES: 1 * 2

DESCRIPTION: SB0 RCIC
6.278E-03 1.771E-02 1.289E-03 0.000E+00CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 3 2.578E-02
DEPENDENCIES: 3 6

REO. BRANCHES: 1 * 3

DESCRIPTION: SB0 HPCS
1.091E-02 0.000E+00 1.487E-02 0.000E+00CASE / BRANCH SPLIT:

CASE NUMBER /SPLlf 4 9.097E-01
DESCRIPTION: OTHERVISE

0.000E400 0.000E+00 9.097E-01 0.000E+00CASE / BRANCH SPLITt

******** OUESTION: 8 PDS PARnhETER 8 CONTAINHENT HEAT REMOVAL VITH RHR SPRAY L-27
0-TYPE / TIMES ASKED: DEP. INPUT PROB.

BRANCHES: RHR SPRY RHR POOL NO RHR
1 ~ 2 3-

~

U.4 4
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/''j REALIZED SPLIT: 4.297E-01 0.000E+00 5.703E-01
NJ

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.161E-04
DEPENDENCIES: 3 5

REO. BRANCllES: 1 * 2

DESCRIPTION: SB0 NOT ISOL
CASE /BRANCil-SPLIT: 0.000E+00 0.000E400 3.161E-04

CASE NUMBER / SPLIT: 2 2.406E-02
DEPENDENCIES: 3 6 7

REO. BRANCHES: 1 * 4 * 1

DESCRIi+ TION: SB0 NO INJECT PRIOR RV
'

CASE /BRANCl! SPLIT: 1.999E-02 0.000E+00 4.061E-03

CASE NUHDER/ SPLIT: 3 1.396E-02
DEPENDENCIES: 3 6 7

REO. BRANCHES: 1 * 1 * 2

DESCRIPTION: SB0 NO INJECT CNTHT LIH
CASE /BRANCil SPLIT - 1.156E-02 0.000E400 2.395E-03

CASE NUMBER / SPLIT: 4 6.256E-03
DEPENDENCIES: 3 6 7

REO. BRANCHES: 1 * 2 * 1

DESCRIPTION: SB0 RCIC PRIOR RV() CASE /BRANCil SPLIT: 5.930E-01 ;.000E+00 3.259E-04

CASE NUMBER / SPLIT: 5 1.764E-02
DEPENDENCIES: 3 6 7

REO. BRANCilES: 1 * 2 * 2

DESCRIPTION:. SB0 RCIC CNTHT LIH
CASE /BRANCil SPLIT: 1.638E-02 0.000E400 1.265E-03

_

CASE NUMBER / SPLIT: 6 1.087E-02
DEPENDENCIES: 3 6 7

REQ. BRANCilES: 1 * 3 * 1

DESCRIPTION: SB0 llPCS PRIOR RV
f CASE /BRANCil SPLITr 9.880E-03 0.000E+00 9.891E-04

CASE NUMBER /SPl.IT: 7 6.817E-01
DEPENDENCIES: 3

REO. BRANCllES: 3
DESCRIPTION: 0 tiler TYP

CASE /BRANCil SPLIT: 3.525E-01 0.300E+00 3.292E-01

CASE NUMBER / SPLIT: 8 4.435E-02
DEPENDENCIES: 3 2

REO. BRANCHES: 4 * 2

DESCRIPTION: - CRIT ATVS FAILED
CASE / BRANCH SPLIT: 1.341E-02 0.000E+00 3.093E-02

CASE NUMBER / SPLIT - 9- 0.000E+00
DEPENDENCIES: 3 2

11 . 4 - 5
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RE0. BRANCHES: 4 * 1 |hDESCRIPTION: CRIT ATVS INTACT
CASE / BRANCH SPLIT: 0.000E400 0.000E400 0.000E+00

CASE NUMBER / SPLIT: 10 2.009E-01
DESCRIPTION: OTHERVISE

CASE / BRANCH SPLIT: 0.000E+00 0.000E400 2.009E-01

******** 00ESTION: 9 PDS PARAMETER 9 CONTAINHENT llEAT REMOVAL VITH VENT
0-T7PE/ TIMES ASKED: DEP. INPUT PROB. 34

BRANCffES: VENT NO VENT
1 2

REALIZED SPLIT: 2.987E-01 7.013C-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 4.145E-03
DEPENDENCIES: 3 6 7 8

REO. BRANCllES: 1 * 1 * 1 * 3

DESCRIPTION: SB0 NO INJECT PRIOR RV NO RHR-

CASE /BRANCil SPLIT: 4.145E-03 0.000E+00

CASE NUMBER / SPLIT: 2 2.444E-03
DEPENDENCIES: 3 6 7 8

REO. BRANCHES: 1 * 1 * 2 * 3

DESCRIPTION: SB0 NO INJECT CNTHT LIH N0_R!lR
CASE /BRANCll SPLIT: 2.4448-03 0.000E+00

CASE NUMBER / SPLIT: 3 1.119E-03
DEPENDENCIES: 3 6 7

RE0. DRANCHES: 1 * 1 * 3

DESCRIPTION: SB0 NO INJECT NO REC 0V

CASE /ERANCH SPLIT: 9.709E-04 1.482E-04

CASE NUMBER / SPLIT: 4 3.479E-04
DEPENDENCIES; 3 6 7 8

REO. BRANCHES: 1 * 2 * 1 * 3

DESCRIPTION: EB0 RCIC PRIOR RV NO RHR-

CASE /?SANCll SPLIT: 3.479E-04 0.000E+00

CASE NUMBER / SPLIT: 5 1.327E-03
DEPehsENCIES: 3 6 7 8

REO. 3 RANCHES: 1 * 2 * 2 * 3

DE CRIPTION: SB0 RCIC CNTHT LIM N0_RHR

CASE /BRANCll SPLIT: 1.327E-03 0.000E+00

CASE NUHBER/ SPLIT: 6 1.289E-03
DEPENDENCIES: 3 6 7

-RE0. BRANCHES: 1 * 2 * 3

DESCRIPTION: SB0 RCIC NO RECOV

CASE / BRANCH SPLIT: 2.351E 04 1.054E-03

CASE NUMBER / SPLIT: 7 1.027E.03

H.4 - 6



DEPENDENCIES: 3 6 7 8

REO. BRANCHES: 1 * 3 * 1 * 3

DESCRIPTION: SB0 HPCS PRIOR RV N0_RHR
CASE / BRANCH SPLIT: 1.027E-03 0.030E+00

CASE NUMBER / SPLIT: 8 1.487E-02
DEPENDENCIES: 3 6 7

RE0. BRANCHES: 1 * 3 * 3

. DESCRIPTION: SB0 HPCS !40 RECOV
! CASE / BRANCH SPLIT: 1.186E-02 3.01CE-03

CASE NUMBER / SPLIT: 9 3.292E-01
DEPENDENCIES: 3 8

REO. BRANCHES: 3 * 3

DESCRIPTION: OTHER TYP NO RHR
CASE / BRANCH SPLIT: 2.763E-Oi 5.287E-02

CASE N11MBER/ SPLIT: 10 0.000E+00
DEPENDENCIES: 3 2

REO. BRANCHES: 4 * 1

DESCRIPTION: CRIT ATVS INTACT
CASE / BRANCH SPLIT: 0.000Ta00 0.000E+00

CASE NUMBER /SPLITt 11 6.441E-01
DESCRIPTION: OTHERVISE $ VENTING UNNECESSARY OR

CASE / BRANCH SPLIT: 0.000P+00 6.442E-01

******** QUESTION: 10 PDS PARAMETER 10 LATE IN-VESSEL INJECT & PEDESTAL CAVITY
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 53

BRANCHES: LAT INJ NO LT INJ
1 2

REALIZED SPLIT- 7.868F.-01 2.132E-01

SUMMARY BY CASE$

CASE UUMBER/ SPLIT: 1 1.999E-02
DEPENDENCIES: 3 6 7 8

1 * 1 * 1
) REO. BRANCHES: 1 *

DLSCRIPTION: SB0 NO INJECT PRIOR RV RHR_ SPRY
CASE / BRANCH SPLIT: 1.973E-02 2.679E-04

CASE NUMBER / SPLIT: 2 4.145E:03
DEPENDENCIES: 3 6 7 9

.

REO. BRANCHESn 1 * 1 * 1 * 1

DESCRIPTION: SB0 NO INJECT PRIOR RV VENT
CASE / BRANCH SPLIT: 4.1342-03 1.119E-05

CASE NUMBER / SPLIT: 3 1.156E-02
DEPENDENCIES: 3 6 7 8

REO BRANCHES: 1 * 1 * 2 * 1

DESCRIPTION: SB0 NO INJECT CNTMT LIM RHR SPRY
@ -

|

. CASE / BRANCH SPLIT: 3.923E-03 7.639E-03

H.4 - 7
:

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



_ - - - - _ -_ _ _ _ _ _ _-_____ _____-___ _-__ - ___

1~

t

'

L4 CASE NUMBER / SPLIT: 4 2.444E-03
DEPENDENCIES: 3 6 7 8'

RE0. BRANCHES: 1 * 1 * 2 * 3

DESCRIPTION: SB0 NO INJECT CNTHT LIM NO RHR
-

CASE / BRANCH SPLIT: 1.683E-03 7.608E-04
h

CASE NUMBER / SPLIT: 5 9.709E-04
DEPENDENCIES: 3 6 7 9

RE0. BRAk'CHES: 1 * 1 * 3 * 1

DESCRIPTION: SB0 NO INJECT NO RECOV VENT
CASE / BRANCH SPLIT: 9.090E-04 6.184E-05

CASE NUMBER / SPLIT: 6 1.4822-04
DEPENDENCIES: 3 6 7 9

RE0. BRANCHES: 1 * t
* 3 * 2

-

M. w ' vT NO RECOV NO VENTDESCRIPTION: SB0 .

CASE / BRANCH SPLIT'. 1. ua 0.000E+00

CASE NUMBER / SPLIT: 7 5.930E-03
DEPENDENCIES: 3 6 7 8

REO. BRANCHES: 1 * 2 * 1 * 1

DESCRIPTION: SB0 RCIC PRI6h RV RHR_ SPRY
CASE / BRANCH SPLIT: 5.930E-03 0.000E+00

CASE NUMBER / SPLIT: 8 3.479E-04
DEPENDENCIES: 3 6 7 9

REO. BRANCHES: 1 * 2 * 1 * 1

DESCRIPTION: SB0 RCIC PRIOR RV VENT
CASE /BnAi4CH SPLIT: 3.479L-04 0.000E+00

CASE NUMBEh/ SPLIT: 9 1.771E-02
DEPENDENCIES: 3 6 7

REO. BRANCHES: 1 * 2 * 2

DESCRIPTION: SB0 RCIC CNTMT LIM
CASE / BRANCH SPLIT: 0.000E+00 1.771E-02

CASE NUMBER / SPLIT: '10 2.351E-04
DEPENDENCIES: 3 6 7 9

RE0. BRANCHES: 1 * 2 * 3 * '

DESCRIPTION: SB0 RCIC NO REC 0V VL
CoSE/ BRANCH SPLIT: 0.000E+00 2.351E-04

CASE NUMBER / SPLIT: 11 1.054E-03
DEPENDENCIES: 3 6 7 9

REO. BRANCHES: 1 * 2 * 3 * 2

DESCRIPTION: SB0 RCIC NO REC 0V NO VENT
CASE / BRANCH SPLIT: 0.000E+00 1.054E-03

CASE NUMBER / SPLIT: 12 9.880E-03
DEPENDENCIES: 3 6 7 8

REO. BRANCHES: 1 * 3 * 1 * 1-

DESCRIPTION: SB0 HPCS PRIOR RV RHR_ SPRY
CASE / BRANCH SPLIT: 9.8803-03 0.000E+00

|
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/-~y . CASE NUMBER / SPLIT: 13 1.027E-03
.( ,) DEPENDENCIES: 3 6 7 9

RE0. BRANCHES: 1 * 3 * 1 * 1

-DESCRIPTION SPO HPCS PRIOR RV VENT
CASE / BRANCH SPLIT: 1.027E-03 0.000E+00

-CASE NUMBER / SPLIT: 14 1.186E-02
DEPENDENCIES: 3 6 7 9

REO. BRANCHES: 1 * 3 * 3 * 1
*

DF.SCRIPTION: SB0 HPCS NO REC 0V VENT
CASE / BRANCH SPLIT - 1.000E-02 1.860E-03

CASE NUMBER / SPLIT: 15 3.010E-03
DEPENDENCIES: 3 6 7 9

RE0. BRANCHES: 1 * 3 * 3 * 2'

DESCRIPTION: SB0 HPCS NO RECOV NO VENT
CASE / BRANCH SPLIT: 2.245E-03 7.645E-04

CASE NUMBER / SPLIT: 16 0.000E+00
-DEPENDENCIES: 3 E

REO. BRANCHES: 1 * 2

DESCRIPTION: SB0 NOT ISOL
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT:- 17 3.525E-01
DEPENDENCIES: 3 8

y ._
( . REO.-BRANCHES: 3- * 1

\- DESCRIPTIONr ''ER TYP RHR SPRY
CASE / BRANCH SPLIT 3.5145-01 1.093E-03

CASE NUMBER / SPLIT: 18 2.763E-01
DEPENDENCIES: 3 9

REO. BRANCHES: 3 * 1

DESCRIPTION: OTHER TYP VENT
CASE / BRANCH SPLIT: 2.685E-01 7.847E-03'

CASE NUMBER / SPLIT: 19 5.287E-02
DEPENDENCIES:- 3 -9

RE0. BRANCHES: 3 ~ * 2

DESCRIPTION: OTHER TYP NO VENT
CASE / BRANCH-SPLIT: 1.163E-05 5.286E-02

CASE NUMBER / SPLIT - 20 0.000E+00
DEPENDENCIES: 3 2

REO. BRANCHES: 4- * 1

DESCRIPTION: CRIT'ATVF TNTaCT
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 21 4.435E-02
DEPENDENCIES: 3 2

REO. BRANCHES: 4 * 2

''~h DESCRIPTION: CRIT ATVS PAILED/
( _,l. CASE / BRANCH SPLIT: 4.213E-02 2.217E-03

H.4 - 9
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CASE NUMBER / SPLIT: 22 4.3550-02
DEPENDENCIES: 2 3

REQ. BRANCilES: 2 * 5

DESCRIPTION: FAILED LOOP & SB
CASE / BRANCH SPLIT: 2.089E-02 2.266E-02

CASE NUMBER / SPLIT: 23 1.401E-01
DEPENDENCIES: 2 3

RE0. BRANCHFS: 2 * 6

DESCRIPTION: FAILED OTHERS

CASE / BRANCH SPLIT: 4.395E-02 9.616E-02

CASE NUMBER / SPLIT: 24 0.000E+00
DESCRIPTION: OTHERVIEE

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

******** QUESTION: 11 PDS PARAMETER 11 RPV DEPRESSURIZED DURING CORE DAMAGE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 76

} BRANCHES: LOV PRES HI PRES
1 2

REALIZED SPLIT: 9.745E-01 2.553E-02

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 4.134E-03
DEPENDENCIES: 3 6 7 9 10

RE0. BRANCHES: 1 * 1 * 1 * 1 * 1

DESCRIPTION: SB0 NO INJECT PRIOR RV VENT LAT INJ
CASE / BRANCH SPLIT: 1.922L 03 2.212E-03

CASE NUMBER / SPLIT: 2 1.119E-05
DEPENDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 1 * 1 * 1 * 2

DE9CRIPTION: SB0 NO INJECT PRIOR RV VENT NO LT INJ
CASE / BRANCH SPLIT: 1.119E-05 0.000E+00

CASE NUMBER / SPLIT: 3 1.683E-03
DEPEEDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 1 * 2 * 1 * 1

DESCRIPTION: SB0 NO INJECT CNTHT LIM VENT LAT INJ
CASE / BRANCH SPLIT: 3.844E-04 1.299E-03

CASE NUMBER /SFLIT: 4 9.090E-04
DEPENDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 1 * 3 * 1 * 1

DESCRIPTION: Sb0 NO INJECT NO RECOV VENT LAT INJ
CASE / BRANCH SPLIT: 9.003E-04 8.727E-06

CASE NUMBER / SPLIT: 5 6.184E-05 |

DEPENDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 1 * 3 * 1 * 2 r

DESCRIPTION: SB0 NO INJECT NO REC 0V VENT NO LT INJ

CAdE/DRANCH SPLIT: 6.184E-05 0.000E+00

H.4 - 10
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Q CASE NUMBER / SPLIT: 6 1.482E-04
DEPENDENCIES: 3 6 7 9 10

REO. BRANCHES. 1 * - 1 * 3 * 2 * 1

DESCRIPTION: SB0 NJ INJECT NO RECOV NO VENT LAT INJ
CASE / BRANCH SPLIT: 1.482E-04 0.000E+00

CASE NUMBER / SPLIT: 7 1.054E-03
CEPENDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 2 * 3 * 2 * 2

DESCRIPTION: SB0 RCIC NO RECOV NO VENT NO LT INJ
CASE / BRANCH SPLIT: 0.000E+00 1.054E-03

CASE NUMBER / SPLIT: 8 1.000E-02
DEPENDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 3 * 3 * 1 * 1

DESCRIPTION: SB0 HPCS NO RECOV VENT LAT INJ
CASE / BRANCH ~,PLIT: 8.015E-03 1.986E-03

CASE NUMBER / SPLIT: 9 1.860E-03
DEPENDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 3 * 3 * 1 * 2

DESCRIPTION: SB0 HPCS NO RECOV VENT NO LT IN.1
CASE / BRANCH SPLIT: 1.433E-03 4.270E-04

,m CASE NUMBER / SPLIT: 10 2.245f.-03
f I DEPENDENCIES: 3 6 7 9 10
'

RE0. BRANCHES: 1 * 3 * 3 * 2 * 1

DESCRIPTION: SB0 HPCS NO RECOV NO VENT LAT INJ
'

CASE / BRANCH SPLIT: 2.193E-03 5.210E-05

CASE NUMBER / SPLIT: 11 7.646E-04
DEPENDENCIES: 3 6 7 9 10

REO. BRANCHES: 1 * 3 * 3 * 2 * 2
~

DESCRIPTION: SB0 HPCS NO RECOV NO VENT NO LT INJ
CASE / BRANCH SPLIT: 7.6460-04 0.000E+00

'

CASE NUMBER / SPLIT: 12 6.01.5E-05
DEPENDENCIES: 3 5 10

REO. BRANCHES: 1 * 2 * 1

DESCBIPTION: SB0 NOT ISOL LAT INJ
CASE / BRANCH SPLIT: 4.169E 05 1.845E-05

CASE NUMBER / SPLIT: 13 7.805E-05
DEPENDENCIES: 3 5 10

REO. BRANCHES: 1 * 2 * 2

DESCRIPTION: SB0 NOT ISOL NO LT INJ
CASE / BRANCH SPLIT: 7.805E-05 0.000E+00

1 ____________ ______________ _-________ _ _________

CASE NUMBER / SPLIT: 14 6.730E-02
DEPENDENCIES: I

i RE0. BRANCHES: 1

DESCRIPTION: SB0
CASE / BRANCH SPLIT: 6.730U-02 0.000E+00

H.4 - 11
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hCASE NUMBER / SPLIT: 15 3.514E-01
DEPENDENCIES: 3 8 10

REO. BRANCHES: 3 * 1 * 1

DESCRIPTION: OTHER TYP RHR SPRY LAT INJ
CASE / BRANCH SPLIT: 3.4875-01 2.671E-03

CASE NUMBER! SPLIT: 16 2.685E-01
DEPENDENCIES: 3 8 9 10

REO. BRANCHES: 3 * 3 * 1 * 1

DESCRIPTION: OTHER TiP NO RHR VENT LAT INJ
CASE / BRANCH SPLIT: 2.671E-01 1.342E-03

CASE NUMBER / SPLIT: 17 1.163E-05
DEPENDENCIES: 3 8 9 10

REO BRANCHES: 3 * 3 * 2 * 1

DESCRIPTION: OTHER TYP 50 RHR NO VENT LAT INJ
CASE / BRANCH SPLIT: 1.1,63E-05 0.000E+00

CASE NUMBER / SPLIT: 18 5.2860-02
DEPENDENCIES: 3 8 9 10

REO. BRANCHES: 3 * 3 + 2 * 2

DESCRIPTION: OTHER TYP NO RER NO VENT NO Lf INJ
CASE / BRANCH SPLIT: 4.897E-02 3.938E-03

CASE NUMBER / SPLIT: 19 0.0002+00
DEPENDENCIES: 3 2

REO, BRANCHES: 4 * 1

DESCRIPTION: CRIT ATVS INTACT
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 20 1.341E-02
DEPENDENCIES: 2 3 8

REO. BRANCHES: 2 * 4 * 1
~

DESCRIPTION: FAILED CRIT ATUS RRR SPRY
CASE / BRANCH SPLIT: 1.330E-02 1.1035-04

CASE NUMBER / SPLIT: 21 3.093E-02
DEPENDENCIES: 2 3 8

REO. BRANCHES: 2 * 4 * 3

DESCRIPTION: FAILED CRIT ATUS NO RHR
CASE /3 RANCH SPLIT: 2.307L-02 7.863E-03

CASE NUMBER / SPLIT: 22 2.089E-02
DEPENDENCIES: 2 3 10

RE0. BRANCHES: 2 * 5 * 1

DESCRIPTION: FAILED LOOP & SB LAT INJ
CASE / BRANCH SPLIT: 2.088E-02 1.253E-05

CASE NUMBER / SPLIT: 23 2.266E-02
DEPENDENCIES: 2 3 10

RE0. BRANCHES: 2 * 5 * 2

DESCRIPTION: FAtoED LOOP & SB NO LT INJ
CASE / BRANCH SPLIT: 2.013E-02 2.533E-03

i

H.4 - 12 |

- - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - _ - - - - - - _ _ - - _ _ _ __



,, .

( ), CASE NUMBER / SPLIT: 24 1.490E-01
'''''

DEPENDENCIES:- 2 2
,

REO. BRANCHES: 2 + 1

DESCRIPTION: FAILED IN1ACT
CASE / BRANCH SPLIT - 1.490E-01-0.000E+00

CASE NUMBER / SPLIT: -25 0.000E+00
DESCRIPTION: OTHERVISE

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

> ;-

********- QUESTION: 12 LATE LOV PRESSURE RPV INJECTION AVAILABLE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 76

BRANCHES: VATER INJ NO INJECT CRITICAL
1

-

2~ 3
REALIZED SPLIT: 7.447E-01 2.132E-01 4.213E-02

SUMMARY BY CASE

CASE NUMBER /SPLITt 1 2.132E-01
DEPENDENCIES: 10

REO. BRANCHES: 2

DESCRIPTION: NO LT INJ
CASE / BRANCH SPLIT: 0.000E+00 2.132E-01 0.000E+00

;[ ^) CASE NUMBER,%? LIT: 2 4.213E-02
N- DEPENDENCIES: 3

REO. ERANCHES: 4
DESCRIPTION: CRIT ATUS

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 4.213E-02

CASE-NUMBER / SPLIT: 3 7.447E-01
' DEPENDENCIES: 10
REO. BRANCHES: 1

DESCRIPTION: LAT INJ
CASE / BRANCH SPLIT: 7.447E-01 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 0.000E+00
DESCRIPTION: OTHERVISL' S SHOULD NEVER REACH THIS

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00

******** OUESTION: 13 RPV DEPRESSURIZED DURING CORE DAMAGE
0-TYPE / TIMES' ASKED: DEP. INPUT PROB. 76

BRANCHES: LOV PRES HI PRES
~

1 ~ 2

REALIZED SPLIT:~ 9.745E-01 2.553E-02

SUMMARY BY CASE

r~ ~ . CASE NUMBER / SPLIT: -1 9.745E-01g
DEPENDENCIES: 11( _

RE0. BRANCHES: 1

H.4 - 13



DESCRIPTION: LOV' PRES

|hCASE / BRANCH SPLIT: 9.745E-01 0.000E+C0

CASE NUMBER / SPLIT: 2 2.553L-02
DESCRIPTION: OTHERVISE $ RPV HAS NOT BEEN DEPRES

CASE / BRANCH SPLIT: -0.000E400 2.553E-02

******** QUESTION: 14 DEBRIS MASS HOLTEN AT RPV PAILURE
Q-TYPE / TIMES ASKEDs DPP. INPUT PROB. 152

FRANCHES: LG CES SM DEB
~

1~ 2

REALIZED SPLIT: 4.228E-02 9.577E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 2.304E-01
DEPENDENCIES: 12 13

REO. BRANCHES: 2 + 2

DESCRIPTION: NO INJECT HI PRES
CASE / BRANCH SPLIT:

-

2.304E-02 2.073E-01

CASE NUMBER / SPLIT: 2 7.696E-01
DESCAIPTION: OTHERVISL $ VATER INJECTION AVAILAB~

CASE / BRANCH SPLIT: 1.924E-02 7.504E-01

******** OUESTION: 15 DEBRIS COOLED IN-VESSEL - INV COOL
0-TYPE /TIHSS ASKED: DEP. INPUT PROB.

~

202
BRANCHES: COOL INV NC00L INV

1 ~ 2
~

REALIZED SPLIT: 5.467E-01 4.533E-01

SUMMARY BY CASE

CASE NUMBFR/ SPLIT: 1 4.213E-02
. DEPENDENCIES: 12 2-
REO. BRANLHES: 3 * 2

DESCRIPTION: CRITICAL FAILED
CASE / BRANCH SPLIT: 0.000E+00 4.213E-02

CASE NUMBER / SPLIT: 2 0.000E+00
DEPENDENCIES: 12

REO. BRANCHES: 3

DESCRIPTION: CBITICAL
CASE / BRANCH SPLIT: 0.000.",+00 0.000E+00

CASE NUMBER / SPLIT 3 1.838E-02
DEPENDENCIES: 12 13 14'

REO. BRANCHES: 1 * 1 * 1

DESCRIPTION: VATER INJ LOV PRES LG DEB
CASE / BRANCH SPLIT: ~ 9.1895-03 9.189E-03

CASE NUMBER / SPLIT: 4 7.167E-01

H.4 - 14
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/' i DEPENDENCIES: ' 12 13 14

'\_,[ REO. BRANCHES: 1 * 1 * 2
.

-DESCR.fTION: VATER INJ LOV PRES SM DEB
CASE / BRANCH SPLIT: ~ S.3755-01 1.797E-01

CASE NUMBER / SPLIT: 5 2.228L-01
DESCRIPTION: OTHERVISE $ ALL OTHER CASES

CASE / BRANCH SPLIT: 0.000E+00 2.228E-01

******** QUESTION: 16 HYDROGEN IGNITION SYSTEM AVAILABLE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 246

BP.ANCHESt . HIS OFF HIS ON
1 2

REALIZED SPLIT: 1.382E-01 8.618E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT " 1 8.661E-01
DEPENDENCIES: 3 3

REO. BRANCHES: /1 * /5
DESCRIPTION: /SB0 / LOOP & SB

CASE / BRANCH SPLIT: 4.331E-03 8.618E-01

CASE NUMBER / SPLIT: 2 1.339E-01
DESCRIPTION: OTHERVISE $ LOSS OF AC POVERf-s

!]g CASE / BRANCH SPLIT: 1.339E-01 0.000E+00
.

******** QUESTION: 17. CONTAINMONT VENT ISOLATED BEFORE RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 246

BRANCHES: ISOLATED NOT_ISOL
1 2

REALIZED SPLIT: 9.997E-01'3.161E-04

SUMMARY BY CASF

CASE NUMBER / SPLIT: 1 9.997E-01
DEPENDENCIES 'S

REO. BRANCHES: 1

. DESCRIPTION: ISOLA 12E
CASE / BRANCH SPLIT: 9.997E-01 0.000E+00

CASE NUMBER / SPLIT: 2- 3. lf 1E-04
DESCRIPTION: OTHERVISE $ SB0 VITH CNTMT VENT NOT

CASE / BRANCH SPLIT - 0.000E+00 3.161E-04

******** QUESTION: 18- MODE OP RHR SPRAY OPERATION EARLY 1

0-TYPF/ TIMES ASKED: DEP. INPL'T PROB. 246

BRANCHES: CONTROLD SPRAY N0_ SPRAY
TI-s -

0.000E+00 4.017E-01 5.983E-01
1 2 3

\ REALIZED SPLIT:-

H.4 - 15
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SUMMARY BY CASEr_

CASE NUMBER / SPLIT: 1 5.703E-01
~l DEPENDENCIES: 8

|E RE0. BRANCHES: /1
DESCRIPTION: /RHR_ SPRY

_

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 5.703E-01

CASE NUMBER / SPLIT: 2 2.794E-02
DEPENDENCIES: 3 7

RE0. BRANCHES: 1 * /1 4
] DESCRIPTION: SB0 / PRIOR RV \

|( CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 2.794E-02

CASE NUMBER / SPLIT: 3 3.659E-01
-

""
DEPENDENCIES: 3 8

RE0. BRANCHES: /1 * 1

DESCRIPTION: /SB0 RHR SPRY
!I CASE / BRANCH SPLIT: 0.000f+00 3.659E-01 0.000E+00

CASE NUMBER / SPLIT: 4 3.580E-02 -

-

DEPENDENCIES: 3 7 8

REO. BRANCHES: 1 * 1 * 1

DESCRIPTION: SB0 PRIOR RV RHR SPRY
CASE / BRANCH SPLIT: 0.000Ev00 3.5805-02 0.000E+00

$CASS NUMBER / SPLIT: 5 0.000E+00
DESCRIPTION: OTHERVISE $ SHOULD NEVER GO THI M N

_
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00

******** OUESTION: 19 CONTAINMENT STEAM CONCENTRATION BEFORE RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 270

-

BRANCHES: 0-15% 15-25% 25-35% 35-45% 45-55% > 55:
-

- 1 2 3 4 5 6

REALIZED SPLIT: 7.502E-01 9.865E-03 9.478E-03 0.000E+00 0.000E+00 2.305:-

_
SUMMARY BY CASE ,

CASE NUMBER / SPLIT: 1 4.017E-01
. DEPENDENCIES: 18

REO. BRANCHES: 2

DESCRIPTION: SPRAY

__ CASE / BRANCH SPLIT: 4.017E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000

- CASE NUMBER / SPLIT: 2 1.927E-02
DEPENDENCIES: 3 6

REQ. BPANCHES: 1 * 1

'0ESCSIPTION: SB0 NO INJECT
CASE / BRANCH SPLIT: 1.927E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000. 4

CASE NUMBER / SPLIT: 3 1.934E-02""E

DEPENDENCIES: 3 6

RE0. BRANCHES: 1 * 2
-

-

H.4 - 16
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j" DESCRIPTION: SB0 RCIC

} ,p'
*

j CASE / BRANCH SPLIT: -0.000E+00 9.865E-03 9.478E-03 0.000E+00 0.000E+00 0.000: |

CASE-NUMBER / SPLIT: 4- 1.5900-02 ;

DEPENDENCIES: 3 6 )
' RE0. BRANCHES: -1 * 3 1

.

DESCRIPTION - SB0 HPCS _ l

CASE / BRANCH SPLIT: 0.0000+00 0.000E600 0.000E+00 0.000E+00 0.000E+00 1.590:

CASE NUM3ER/ SPLIT: 5 -2.146E-01
IDEPENDENCIES: 2

REO. BRANCHES: 2

DESCRIPTION - FAILED
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.146:

CASE NUllBER/ SPLIT: 6 3.292E-01
DESCRIPTION: OTHERVISE $ FOR ALL OTHER EVENTS ,

CASE / BRANCH: SPLIT: 3.292E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000:

******** QUESTION: 20 FRACTION ZIRCONIUM INVENTORY REACTED IN-VESSEL
0-TYPE! TIMES ASKED: DEP. INPUT PROB. 421

-BRANCHES: 33% 22% 11%

1 2 3
REALIZED SPLIT: 0.000E+00 1.215E-01 8.785E-01

h'~'k SUMMARY BY CASE
LJ

CASE NUMBER / SPLIT: 1 3.9261:-02
-- DEPENDENCIES: 3 6

REO. BRANCHES: 1 * 1

DESCRIPTION: SB0 NO INJECT
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 3.926E-02

CASE NUMBER / SPLIT: 2 2.527E -02
DEPENDENCIES: 3- 6

;REO.~ BRANCEES: 1 * 2

DESCRIPTION: SB0 RCIC
CASE / BRANCH SPLIT: 0.000E+00 3.285E-03 2.199E-02

CASE NUMBER / SPLIT: 3 2.378E-02
DEPENDENCIES:- 3 6-

RE0.; BRANCHES: 1 * 3

DESCRIPTION: SB0 HPCS

CASE / BRANCH-SPLIT:- 0.000E+00 0.000E+00 2.578E-02

CASE' NUMBER / SPLIT: 4- 9.097E-01-
DESCRIPTION: OTHERVISE _ $ BOUND OTHERS VITH DISTR:

CASE / BRANCH SPLIT: 0.000E+00 1.183E-01 7.914E-01

******** OUESTION: 21 SMALL HYD'.<0 GEN BURNS AT LOV H2 CONCENTRATION

, 0-TYPE / TIMES ASKED: DEP. INPUT PROB. 546'

BRANCHES: N0_SMALL SMALL_BRN

H.4 - 17
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j REALIZED SPLIT: 3.042F-01 6. 58E-01 |

SUMMARY BY CAS?,

CASE NUMBER / SPLIT: 1 2.305E-01
DEPENDENCIES: 19

REO. BRANCHES: 6
DESCRIPTION: > 55%

CASE / BRANCH SPLIT: 2.305E-01 0.000E+00

CASE NUMBER / SPLIT: 2 6.916E-01
DEPENDENCIES: 16

REO. BRANCHES: 2

DESCRIPTION: HIS_0N
CASE / BRANCH SPLIT: 0.000E400 6.916E-01

CASE NUMBER / SPLIT: 3 3.475E-03
DEPENDENCIES: 3 16

REO. BRANCHES: /1 * 1

DESCRIPTION: /SB0 HIS OFF
CASE / BRANCH SPLIT: 8.6895-04 2.607E-03

CASE NUMBER / SPLIT: 4 4.030E-02
DEPENDENCIES: 3 7

REO. BRANCHES: 1 * 1

DESCRIPTION: SB0 PRICR RV
CASE / BRA''CH SPLIT: 3.869F-02 1.612E-03

CASE NUMBER / SPLIT: 5 3.412L-02
DEPENDENCIES:' 3 7

REO BRANCHES: 1 * /1
DESCRIPTION: SB0 / PRIOR RV

CASE / BRANCH SPLIT - 3.412E-02 0.000E+00

CASE NUMBER / SPLIT: 6 0.000Er00
DESCRIPTION: OTHERVISE $ SHOULD NEVER GO THIS PA'

CASE / BRANCH SPLIT: 0.000Z+00 0.000E+00

******** OUESTION: 22 LARGE H2 BURN DURING CORE DAMAGE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. INPUT PARM. 761

BRANCHES: NO BURN LG BURN
1~ 2~

REALIZED SPLIT: 9.790E-01 2.098E-02

SUMMARY BY CASL

CASE NUMBER / SPLIT: 1 2.280'l-01
DEPENDENCIES: 2

REO. BRANCHES: 2

DESCRIPTION: FAILED
CASE / BRANCH SPLIT: 2.280E-01 0.000E+00

H.4 18
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- N CASE NUMBER / SPLIT: ~2 '6.824E-01
.

-[d.
_ REQ.. BRANCHES: 2

DEPENDENCIES: 21
,

. DESCRIPTION: SMALL_BRN,

CASE / BRANCH-SPLIT: 6.824E-01 0.000E+00

L CASE NUMBER / SPLIT: 3 1.590E-02
DEPENDENCIES - 19

REQ.-BRANCHES: 6

' DESCRIPTION - > 55%
CASE / BRANCH SPLIT: 1.590E-02 0.000E+00

CASE NUMBER / SPLIT - 4 0.000E+00
DEPENDENCIES: 19 20

REQ. BRANCHES: 1 * 1

DESCRIPTION: 0-15% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT- 5 8.50BL 04
' DEPENDENCIES: 19 20-

. REQ. BRANCHES: J1 * 2
DESCRIPTION: 0-15% 22%;

CASE / BRANCH SPLIT: 4.254E-04 4.254S-04

CASE NUMBER / SPLIT: 6- 5.348S-02
f-~g DEPENDENCIES:- 19 20

'f' REQ.-BRANCHES: 1 * -3i
.-DESCRIPTION - 0-15% 11%

CASE /BRAMCH SPLIT: 3.850E-02 1.497E-02

CASE ~ NUMBER / SPLIT: 7 0.000E+00
DEPENDENCIES: 19- 20

-RE0;. BRANCHES: -2 * 1-
DESCRIPTION: 15-25% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT - 8 1.282E-03
DEPENDENCIES: 19 20

LREQ.1 BRANCHES:- 2 * 2-

. DESCRIPTION: 15-25% 22% :
'

CASE / BRANCH ' SPI.IT: 6.408E-04 6.408E-04

CASE NUMBER / SPLIT: 19- 6.576E-03
DEPENDENCIES: 19 20

REO. BRANCHES: 2 * 3

DESCRIPTION: -15-25% 11%-

CASE / BRANCH SPLIT: 6.175E-03 2.401E-03

CASE NUMBER / SPLIT: -10 0.000E+00
DEPENDENCIES:- 19 20-

REO.. BRANCHES: 3 * 1
-

9[ ' DESCRIPTION: 25-35% 33%
.

N - CASE / BRANCH SPLIT: 0.000E+00 0.000E+00l-

H.4 - 19
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CASE NUMBER / SPLIT: 11 1.231E-03
DEFENDENCIES: 19 20 _

REO. BRANCHES: 3 * 2

DESCRIPTION: 25-35% 22%

CASE / BRANCH SPLIT: 7.511E-04 4.802E-04

CASE NUMBER / SPLIT: 12 8.240E-03
DEPENDENCIES: 19 20

REO. BRANCHES: 3 * 3

DESCRIPTION: 25-35% 11%

CAFE / BRANCH SPLIT: 6.180E-03 2.060E-03

CASE NUMBEh/ SPLIT: 13 0.000E+00
DEPENDENCIES: 19 20

REO.-BRANCHES: 4 * 1
-

DESCRIPTION: 35-45% 33%

CASE / BRANCH SPLIT: 0.000P+00 0.000E+00
r

CASE NUMBER / SPLIT: 14 0.000L+00
DEPENDENCIES: 19 20

REQ. BRANCHES: 4 * 2

DESCRIPTION: 35-45% 22%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 15 0.000E400
DEPENDENCIES: 19 20

|hREO. BRANCHES: 4 * 3

DESCRIPTION: 35-45% 11%

CASE / BRANCH SPLIT: 0.030E+00 0.000E+00
,

CASE NUMBER / SPLIT: 16 0.000E+00
DEPENDENCIES: 19 20

REO. BRANCHFS 5 * 1

DESCRIPTION:- 45-55% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 17 0.000E+00
DEPENDENCIES: 19 20

RE0. BRANCHES: 5 * 2

DESCRIPTION: 45-55% 22%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 18 0.000E+00
DEPENDENCIES: 19 20

REQ. BRANCHES: 5 * 3
'

DESCRIPTION: 45-557 11%

CASE /3 RANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 19 0.000E+00
DESCRIPTION: OTHERVISE $ SHOULD NEVER GO THIS PA

CASE / BRANCH SPLIT: 0.000E400 0.000E+00 k

O
******** QUESTION: 23 H2 DETONATION CONTAINMENT FAILURE

*
H.4 - 20

i

_ _ - _ ' ^ ' ' ' ' "



4-

,

^
f) B'. TAN H : DE F Nb

~

_f
'

1 2

. REALIZED SPLIT - 1.195E-04 9.9998-01

SUEMARY BY C).SE

CASE NUMBER / SPLIT: 1 9.790E-01
DEPENDENCIES: 22

RE0. BRANCilES: 1

DESCRIPTION: NO BURN
CASE /BRANCE SPLIT '

~

0.000E+00.9.790E-01
_.

CASE NUMBER / SPLIT: -2 0.000E400
DEPENDENCIES: 19. 19 19

RE0 BRANCHES: 4 + 5 4 6

DESCRIPTION: 35-45% 45-55% > 55%
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 3 1.943E-02
|

DEPENDENCIES: 20
REO. BRANCHES: 3 9

DESCRIPTION: 11%

CASE / BRANCH S?LII: 0.000E+00 1.943E-02 .

!
I

CASE NUMBER / SPLIT . 4 3.700E-04
. f-

DEPENDENCIES: 19 20 3 7 18 6 i((' 'j
REO. BRANCHES: 1 * 2 * 1 -* 1 * 2 * /1

DESCRIPTION: 0-15%- 22% SB0 PRIOR RV SPRAY /NO INJECT
CASE / BRANCH SPLIT: 8.141E-06 3.619E-04

CASE NUMBER / SPLITS 15 4.302E-04
DEPENDENCIES - 19 -2C

REO. BRANCHES: . .3 -* 2>>
'

DESCRIPTION: 25-35% 22%

CASE / BRANCH SPLIT: .0.000E+00 4sB02E-04

CASE NUMBER / SPLIT: 6 6.9618-04-
DEPENDENCIES: 19 19- 20

2) * 2; RE0. BRANCHES:-( -1 +

-DESCRIPTION:- 0-15% 15-25% 22%-

CASE / BRANCH SPLIT: 1.114E-04 5.848E-04

CASE NUMBER / SPLIT: 7 0.000E+00
DEPENDENCIES: 19 20 3 7 18 6'

REO. BRANCHES: 1 * 1 * 1 * 1 * 2 *. /1
DESCRIPTION: 0-15% 33% SB0 PRIOR RV SPRAY /NO !WJECT

|| . CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

-CASE NUMBER / SPLIT: 8 0.000E+00
DEPENDENCIES: 19 19 20

/75'i REO. BRANCHES:-( 1 + 2) * 1

\m /' DESCRIPTION: 0-15% 15-25% 33%

CASE / BRANCH SPLIT: 0.000C+00 0.000E+00

H.4 - 21'
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CASE NUMBER / SPLIT: 9 0.000E400 h
!

DEPENDENCIES: 19 20
REO. BRANCHES: 3 * 1

DESCRIPTION: 25-35% 33%

CASE /ERANCH SPLIT: 0.000E400 0.000E+00

CASE NUMBER / SPLIT: 10 0.000E+00
DESCRIPTION: OTHERVISF. $ SHOULD NEVER REACH THIS

CASE / BRANCH c' LIT: 0.000E+00 0.000E+00

******** OUESTION: 24 CONTAINHENT FAILURE BEFORE RPV FAILURE
0-TYPE / TIMES ASKED: DEP. CALC. PROB. 824

BRANCHES: FAILURE NO FAILUR
1 2~

REALIZED SPLIT: 2.295E-01 7.705E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 2. 280E- 01
CEPENDENCIES: 2

REQ. BRANCHES: 2

DESCRIPTION: FAILED
CASE / BRANCH SPLIT: 2.280E-01 0.000E+00

CASE NUMBER / SPLIT: 2 1.195F-04
DEPENDENCIES: 23

REO. BRANCHES: 1

DESCRIPTION: DET CF
CASE / BRANCH SPLIT:

~

1.195E-04 0.000E400

CASE NUMBER / SPLIT: 3 7.719E-01
DESCRIPTION: OTHEBVISE $ CONTAINMENT INTACT PRIO:

CASE / BRANCH SPLIT: 1.417E-03 7.705E-01

******** QUESTION: 25 MODE Or CONTAINMENT FAILURE BEFORE RPV FAILURE
0-TYPE / TIMES ASKED: DEP. CALC. PROB. 1007

BRANCHES: AFCHORAGE PN-D/NoCF
1 2

REALIZED SPLIT: 3.477E-02 9.652E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 2.280E-01
DEPENDENCIES: 2

REO. BRANCHES: 2

DESCRIPTION: FAILED
CASE / BRANCH SPLIT: 3.420E-02 1.938E-01

CASE NUMBER / SPLIT: 2 1.195E -04 g
DEPENDENCIES: 23 W

REO. BRANCHES: 1

H.4 - 22
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./''% f 9ESCRIPTION: DET'CF ,
~(j _ CASE / BRANCH SPLIT: 0.000E+00 1.195E-04

CASE NUMBER / SPLIT: 3 7.705E-01
DEPENDENCIES: 24

PEO. BRANCHES: 2

DESCRIPTION: NO FAILUR
CASE / BRANCH SPLIT:-

~

0.000E+00 7.705E-01

CASE NUMBER / SPLIT: 4 1.417E-03
OESCRIPTION: OTHERVISE $ CONTAINMENT FAILED BY H.

CASF/ BRANCH SPLIT: 5.686E-04 8.486E-04

******** QUESTION: 26 CNTMT FAILURE BEFORE RPV FAILURE IMP /.CT ON ECCS INJECTION ,

0-TYPE / TIMES ASKED: DEP. INPUT PROB. 1127
BRANCHES: NO FAILUR FAILUR

~

1 2

REALIZED SPLIT: 9.935E 01 6.499E-03

SUMMARf BY CASE ,

CASE-NUMBER / SPLIT: -1 7.221E-03-
-DEPENDENCIES: 25 2 3 .

REQ. BRANCHES: 1 *( 1 .+ 4)
DESCRIPTION: ANCHORAGE INTACT CRIT ATVS73

CASE / BRANCH SPLIT: 7.221E-04 6.499E-03t,y -

h CASE NUMBER / SPLIT: 2 9.92BE-01
: DESCRIPTION: OTHERVISE $ -- NOT ANCHORAGE CNTMT '

-CASE / BRANCH SPLIT - 9.928E-01 0.000E+00

******** QUESTION: 27 CNTMT FAILURE BEFORE RPV FAILURE IMPACT ON ECCS INJECTION ,

0-TYPE / TIMES ASKED: DEP. INPUT PPOB.- 1763
BRANCHES: NO FAILUR FAILUE

~

1 2

' REALIZED SPLIT:- 9.654E-01 3.462E-02 ,

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.938E-02
DEPENDENCIES:- 24 26 2 3

4)-REQ BRANCHES: 1 * 1 *( 1 +

DESCRIPTION: FAILURE NO FAILUR INTACT CRIT ATVS
CASE / BRANCH SPLIT: 1.969E-02 1.969E-02

CASE NUMBER /SPLIY:- 2 2.906E-01
DEPENDENCIES: 9 5

f REQ 1 BRANCHES: 1 + 2

DESCRIPTION: = VENT NOT ISOL

[) CASE / BRANCH SPLIT: 2.837E-01 1.493E-02
.%/

CASE NUMBER / SPLIT: 3 6.620E-01

L
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-DESCRIPTION: OTilERVISE $ NO CF, NO VENTING A t

CASE / BRANCH SPLIT: 6.620E-01 0.000E+00

******** QUESTION: 28 CNTMT FAIL BEFORE RPV FAILURE STEAM & RADIATION RELEASE IH:
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 2935

BRANCHES: NO FAILUR FAILUR
1- 2

REALIZED SPLIT: 9.504E-01 4.955E-02

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.938E-02
DEPENDENCIES: 24 26 2 3

4)ItE0. BRANCHES: 1 * 1 *( 1 +

DESLi" TON: FAILURE NO FAILUR INTACT CRIT ATVS
CASE / BRANCH SPLIT: 1.969E-02 1.969E-02

CASE NUMBER / SPLIT: 2 2.986E-01
DEPENDENCIES: 9 5

RE0. BRANCHES: 1 + 2
'

DESCRIPTION: VENT NOT ISOL
CASE / BRANCH SPLIT: 2.687E-01 2.986E-02

CASE NUMBER / SPLIT: 3 6.620E-01
DESCRIPTION: OTHERVISE $ NO CF, NO VENTING NF

CASE / BRANCH SPLIT: 6.620E-01 0.000E+00

******** QUESTION: 29 INJECT & SPRAY FAILURE DUE TO CONTAINMENT FAILURE BEFORE R:
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 2935

BRANCHES: NO FAILUR INJ& SPY F
1 2

-~

REALIZED SPLIT: 9,822L-01 1.784E-02

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 -6.499E-03
DEP2NDENCIES: 26

REO. BRA.NCi1ES: 2

DESCRIPTION: FAILUR
CASE / BRANCH SPLIT: 0.0001|+00 6.499E-03

CASE NUMBER / SPLIT: 2 1.134E-02
DEPENDENCIES: 27 28

RE0. BRANCllES: 2 * 2

DESCRIPTION: FAILUR FAILUR
CASE / BRANCH SPLIT: 0.000E+00 1.134C-02

CASE NUMBER / SPLIT: 3 9.822E-01
DESCRIPTION: OTHERVIS6 $ ALL INJECTION NOT FAILE:

CASE / BRANCH SPLIT: 9.8220-01 0.000E+00

11.4 - 24
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: - s' ********1 0UESTION: 30' ALPHA MODE STEAM E4PLOS10N DRYVELL AND CONTAINHENT FAILURE'
I i- -0-TYPE / TIMES ASKED: DEP. INPUT PROB. 4379-

- BRANCHES: ALPHA N0_ ALPHA
.1 2

-REALIZED-SPLIT: 9.770E-03 9.902E-01

SUMMARY.BY CASE

CASE NUMBER / SPLIT: 1 9.745E-01
DEPENDENCIES: 13

RE0. BRANCHES: 1

DESCRIPTION: LOV PRES
CASE / BRANCH SPLIT:

-

9.745E 03 9.647E-01

CASE NUMBER /SFLIT: 2 2.553E-02
DESCRIPTION: OTHERVISE- S REACTOR VESSEL NOT DEPR:

CASE / BRANCH SPLIT: 2.546E-05 2.550E-02

******** QUESTION: 31 MODE OF IN-VESSEL STEAM EXPLOSION BOTTOM HEAD FAILURE
-Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 7864

BRANCHES: ALPHA NO FAIL LARGE VF SMALL VF
1 2 3

-

4
-~

REALIZED SPLIT: 9.770E-03 9.322E-01-3.290E-02 2.516E-02

SUMMAPY BY CASE
,G
\l CASE NUMBER / SPLIT: 1 9.770E-03~

DEPENDENCIES: 30
REO. SRANCHES: 1

' DESCRIPTION: ALPHA ,

CASE / BRANCH SPLIT: 9.770E 03 0.000E+00 0.000E+00 0.000E+VO

-CA9E NUMBER / SPLIT: 2 - 9.647E-01
DEPENDENCIES: 13

RE0.-BRANCHES: -1
DESCRIPTION: LOV PRES-

. CASE /BRANCU' SPLIT:
~

0.000E+00 9.069E-01 3.280E-02 2.508E-02

CASE NUMBER / SPLIT: 3- 2.550E-02
L DLSCRIPTION: OTHERVISE $ NO ALPHA FAILURE & RPV-1 *

CASE / BRANCH SPLIT: 0.000E+00 2.532E-02 1.019E-04 7.643E-05

1

J********= QUESTION: 32 RPV FAILURE MODE AND SIZE 6T RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPilT PROB.- 9753

BRANCHES: ALPHA NO FAIL LARGE VF SMALL VF
1 2 3

REALI2CD SPLIT: 9.770E-03 5.076E-01 7.536E-02 4.073E-01

L .

SUMMARY BY CASE
p

hims .. CASE NUMBER / SPLIT: 1 9.770E-03
DEPENDENCIES: 30

H.4 - 25
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RE0. BRANCHES: 1

DESCRIPTION: ALPHA
CASE / BRANCH SPLIT: 9.770E-03 0.000E+00 0.000E400 0.000E400

3 CASE NUMBER / SPLIT: 2 3.290E-02
R DEPENDENCIES: 31

RE0. BRANCHES: 3

DESCRIPTION: LARGE_VF ,

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 3.290E-02 0.000E+00

CASE NUMBER / SPLIT: 3 2.516E-02 ;

DEPENDENCIES: 31
REO. BRANCHES: 4

DESCRIPTION: SMALL VF
~

CASE / BRANCH SPLIT: 0.000L+00 0.000E+00 0.000E+00 2.516E-02
-

CASE NUMBER / SPLIT: 4 5.076E-01
DEPENDENCIES: 15 29

R20. BRANCHES: 1 * 1

DESCRIPTION: COOL INV NO PAILUR
CASE / BRANCH SPLIT: 0.00DE+00 5.076E-01 0.000E+00 0.000E+00

~

a

CASE NUMBER / SPLIT: 5 4.246r.-01
DESCRIPTION: OTHERVISE $ CORE DTD.RIS CAUSES LOVE!

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 4.246E-02 3.821E-01

******** QUESTION: 33 VATER IN PEDESTAL AT RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 9163

BRANCHES: FLD+1NJ RPV+INJ FLD RPV_VTR
1 2 3 4

REALIZED SPLIT: 3.318r,-02 7.371E-01 3.460E-03 2.262E-01

SUMMARY BY CASE
~

CASE NUMBER / SPLIT: 1 3.318E-02
DEPENDENCIES: 12 29 22 3 6

3))RE0. BRANCHES: /2 * 1 *( 2 +( 1 *

DESCRIPTION: /NO INJECT NO FAILUR LG BURN SB0 HPCS

CASE / BRANCH SPLIT:
- 3.315E-02 0,00DE+00 0.000E+00 0.000E+00

'

CASE NUMBER / SPLIT: 2 3.460E-03
DEPENDENCIEE: ?9 22 3 6

3)REO. BRANCHES: 2 * 2 +( 1 *

DESCRIPTION: INJ& SPY F LG BURN SB0 HPCS

CASE / BRANCH SPLIT: ~0.00dF+00 0.000E+C0 3.460E-03 0.000E+00

CASE NUMBER / SPLIT: 3 7.371E-01
DEPENDENCIES: 12 29

REO. BRANCHES: /2 * 1

DESCRIPTION: /NO INJECT NO FAILUh
CASE / BRANCH SPLIT:

~

0.00dF400 7.371E-01 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 2.262E-01

H.4 - 26
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(~ DESCRIPTION: OTHERVISE $ RESIDUAL RV VATER ONLY
! ,)/ CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 2.262E-01

******** OUESTTON: 34 PEDESTAL FAILURE DUE TO OVERPRESSURE AT RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 9763

BRANCHES: PED FAIL NO
1 2

REALIZED SPLIT: 7.859E-03 9.921E-01

SUMMARY BY CASE

CAsd NUMBER / SPLIT: 1 5.076E-01
DEPENDENCIES: 32

REO. BRANCHES: 2
----

DESCRIPTION: NO FAIL
~

CASE / BRANCH SPLIT: 0.000E+00 5.076E-01

CASE NUMBER / SPLIT: 2 3.468E-03
DEPENDENCIES: 13 33 33

3)REO. BRANCHES: 2 *( 1 +

DESCRIrtION: HI PRES FLD+INJ FLD

CASE / BRANCH SPLIT:
-

3.468E-03 0.000E+00

CASE NUL3ER/ SPLIT: 3 2.276b 03
DEPENDENCIES: 13 33 33 32

f-~
4) * 3i, j REO. BRANCHES: 2 *( 2 +

DESCRIPTION: HI PRES RPV+1NJ RPV VTR LARGE VF'~

CASE / BRANCH SPLIT:
-

2.276E-03 0.0005+00
-

CASE NUMBER / SPLIT: 4 1.9763-02
DEPENDENCIES: 13 33 33 32 -

REQ. BRANCHES: 2 *( 2 + 4) * 4

DESCRIPTION: HI PRES RPV+INJ RPV VTR SMALL VF
-

CASE / BRANCH SPLIT:
~

0.000E+00 1.9765-02
~

CASE NUMBER / SPLIT: 5 2.115E-03
DEPENDENCIES: 13 33 33 32

3) * 3REO. BRANCHES: 1 *( 1 +

DESCRIPTION: LOV PRES FLD4INJ FLD LARGE VF

CASE / BRANCH SPLIT:
~

2.115E-03 0.000E+00
-

CASE NUMBER / SPLIT: 6 4.647E-01
DEPENDENCIES: 13

REO. BRANCHES: 1

DESCRIPTION: LOV_ PRES
CASE / BRANCH SPLIT: 0.0000 00 4.647E-01

CASE NUMBER / SPLIT: 7 2.201E-05
DESCRIPTION: OTHERVISE $ SHOULD NEVER GO THIS PA'

CASE / BRANCH SPLIT: 0.000E+00 2.201E-05

******** QUESTION: 35 PEDESTAL CAVITY STEAM EXPLOSTION

|
1H.4 - 27
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0-TYPE / TIMES ASKED: DEP. INPUT PROB. 10634
BRANCHES: STH_EXP N0_EXP |h

1 2

REALIZED SPLIT: 1.154E-02 9.885E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 5.076F-01
DEPENDENCIES: 32

REO. BRANCHES: 2

DESCRIPTION: NO FAIL
CASE / BRANCH SPLIT:

~

0.000E+00 5.076E-01

CASE NUMBER / SPLIT: 2 4.766E-01
DEPENDENCIES: 33 33

D70. BRANCHES: 2 + 4

DESCRIPTION: RPV+INJ RPV VTR

CASE / BRANCH SPLIT: 0.000E+00 4.766E-01

i CASE NUMBER / SPLIT: 3 2.330E-03
DEPENDENCIES: 31 31 31

REQ. BRANCHES: 1 + 3 + 4

DESCRIPTION: ALPHA LARGE VF SHALL VF
CASE / BRANCH SPLIT: 0.000E+D0 2.330E-D3

CASE NUMBER / SPLIT: 4 1.342E-02
DESCRIPTION: OTHERVISE S VATER IN CAVITY

CASE / BRANCH SPLIT: 1.154E-02 1.879E-03

******** OUESTION: 36 PEDESTAL FAILURE DUE TO STEAM EXPLOSION
~0-TYPE /TIHES ASKED: DEP. INPlII PROB. 12283

BRANCHES: PED FAIL NO
~

1 2

REALIZED SPLIT: 2.222E-03 9.978E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.290E-02
DEPENDENCIES 5 31

REO.-BRANCHES: 3

DESCRIPTION: LARGE_VF
CASE / BRANCH SPLIT: 1.645'd-03 3.126E-02

CASE NUMBER / SPLIT: 2 9.556E-01
DEPENDENCIES: 35

REO. BRANCHES: 2

DESCRIPTION: NO EXP
CASE / BRANCH SPLIT:

~

0.000E+00 9.556E-01

CASE NUHBER/ SPLIT: 3 1.154E-02
DESCRIPTION . OTHERVISE $ EX-VESSEL STEAM EX I-

CASE / BRANCH SPLIT: 5.770L-04 1.097E-02
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i''')- 0-TYPE / TIMES ASKED: DEP. INPUT PROB. 14794 j

********- QUESTION: 37 .DRYVELL FAILURE DUE TO PEDESTAL FAILURE

BRANCHES: DV FAIL N0 i

-

1 2

-REALIZED SPLIT: 1.719E-03 9.983E-01
1

SUMMARY BY CASE |

CASE NUMBER / SPLIT: 1 9.828E-03
DEPENDENCIES: 34 36

RE0. BRANCHES: 1 + 1

. DESCRIPTION - PED _ FAIL PED _ FAILo
CASE / BRANCH SPLIT: 1.719E-03 8.109E-03'

CASE NUMBER / SPLIT: 2 9.902E-01 i

-DESCRIPTION: OTHERVISE $ PEDESTAL FAILURE HAS N0'
CASE / BRANCH SPLIT: 0.000E+00 9.902E-01

,

******** QUESTION: 38 DRYVELL OVERPRESSURE FAILURE AT RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 15272

BRANCHES: DV FAIL NO
1- 2

REALIZED SPLIT: 2.612E-05 1.000E+00

()- SUMMARY BY CAS2

L -CASE NUMBER / SPLIT: 1 5.076E-01
L -DEPENDENCIES: 32

REO. BRANCHES: 2

DESCRIPTION: NO FAIL
CASE / BRANCH SPLIT:

-

0.000E+00 5.076E-01-

CASE NUMBER / SPLIT: 2 2.6345-03
DEPENDENCIES: 13 .32

REO. BRANCHES: 2 * 3

DESCRIPTION: 'HI PRES LARG2 VF'
-CASE / BRANCH SPLIT:

-

2.612E-D5 2.607E-03

CASE-NUMBER / SPLIT: 3 '4.898E-01
DESCRIPTION: OTHERVISE

= CASE / BRANCH SPLIT: 0.000B400 4.898E-01

******** - QUESTION: 39 DRYVELL PAILS AT/NEAR TIME OF RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 15272:

,

I ~ BRANCHES: DV FAIL NO
1- 2

. REALIZED SPLIT: 1.151E-02 9.885E-01

.

I D)
SUMMARY BY CASE

Q
CASE NUMBER / SPLIT: 1 5.076E-01
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DEPENDENCIES: 32

|hREO. BRANCHES: 2

DESCRIPTION: NO FAIL
CASE / BRANCH SPLIT:

-

0.000E 00 5.076E-01

CASE NUMBER / SPLIT: 2 1.151E-02
DEPENDENCIES: 30 37 38

REO BRANCHFS 1 + 1 + 1

DESCRIPTION: ALPHA DV FAIL DV FAIL
CASE / BRANCH SPLIT: 1.15IE-02 0.000E+00

CASE NUMBER / SPLIT: 3 4.809E-01
DESCRIPTION: OTHERVISE $ NO DRYVELL FAILURE

CASE / BRANCH SPLIT: 0.000F+00 4.809E-01
_

******** QUESTION: 40 CONTAINMENT STEAM CONCENTRATION AT/NEAR RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 18163

BRANCHES: 0-15% 15-25% 25-35% 35-45% 45-55% > 55
1 2 3 4 5 6

REALIZED SPLIT: 7.502r-01 8.510E-03 1.083E-02 0.000E+00 0.000E+00 2.305:

SdMMARY BY CASL

CASE NUMBER / SPLIT: 1 4.017E-01
DEPENDENCIES: 18

RE0. BRANCHES: 2

DESCRIPTION: SPRAY
CASE / BRANCH SPLIT: 4.017E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000:

CASE NUMBER / SPLIT: 2 1.927E-02
DEPENDENCIES: 3 6

REO. BRANCHES: 1 * 1 L
DESCRIPTION: SB0 NO INJECT

CASE / BRANCH SPLIT: 1.92711-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000.

CASE NUMBER / SPLIT: 3 1.934E-02
DEPENDENCIES: 3 6

RE0. BRANCHES: 1 * 2

DESCRIPTION: SB0 RCIC
CASE / BRANCH SPLIT: 0.000E+00 8.510E-03 1.083E-02 0.000E+00 0.000E+00 0.000:

s

CASE NUMBER / SPLIT: 4 1. 590F- 02
DEPENDENCIES: 3 6

REO. BRANCHES: 1 * 3

DESCRIPTION: SB0 HPCS

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.590'

CASE NUMBER / SPLIT: 5 2.146E-01
DEPENDENCIES: 2

REO. BRANCHES: 2

DESCRIPTION: FAILED
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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i

t'% CASE NUhBER/ SPLIT: 6 3.292E-01
(s,)- DESCRIPTION: OTHERVISE $ OTHER NON-SB0 TYPE EVEN'

CASE / BRANCH SPLIT: 3. 292E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000:

******** QUESTION: 41 FRACTION ZIRCONIUM INVENTORY REACTED AT/NEAR RPV FAILURE
0-TYPE / TIMES ASKED: BEE. INPUT PROB. 28853

BRANCHES: 33% 22% 11%

2 31 -

REALIZED SPLIT: 0.000E+00 2.953E-01 7.048E-01

SI'" MARY BY CASE

CASE N11MBER/ SPLIT: 1 3.926E-02
DEPENDENCIES: 3 6

RE0. BRANCHES: 1 * 1

DESCRIPTION: SB0 NO INJECT *

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 3.926E-02

CASE NUMBER / SPLIT: 2 2.527E-02
DEPENDENCIES: 3 6

REQ. BRANCHES: 1 * 2

DESCRIPTION: SB0 RCIC
CASE / BRANCH SPLIT: 0.000E+00 7.833E-03 1.744E-02

CASE NUMBER / SPLIT: 3 2.578E-02

[#) DEPENDENCIES: 3 6
'

REO. BRANCHES: 1 * 3'-

DESCRIPTION: SB0 HPCS

CASE / BRANCH SPLIT: 0.000E+00 5.4'3E-03 2.037E-02

CASE NUMBER / SPLIT: 4 9.097E-01
DESCRIPTION- OTHERVISE $ BOUND OTHERS VITH DISTR:

CASE / BRANCH SPLIT: 0.000E+00 2.820E-01 6.277E-01
_

******** QUESTION: 42 HYDROGEN IGNITION SOURCES AVAILABLE AT/BEFORE RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 31016

BRANCHES: NO IG_SRC IGNIT_SRC-

REALIZED SPLIT: 1.120E-01 8.881E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 8.618E-01
DEPENDENCIES: 16

REO. BRANCHES: 2

DESCRIPTION: HIS ON
CASE / BRANCH SPLIT:

~

0.000E+GO 8.618E-01

CASE NUMBER / SPLIT: 2 4.328E-03
/ DEPENDENCIES: 16 3 3
\ RE0. BRANCHES: 1 * /1 * /5

DESCRIPTION: HIS_OFF /SB0 / LOOP & SB
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CASE / BRANCH SPLIT: 4.3200-04 3.896E-03 O
CASE NUMBER / SPLIT: 3 2.233L'-02

DEPENDENCIES' 21 22

REO. BRANCHES: 2 + 2

DESCRIPTION: SMALL BRN LG BURN
CASE / BRANCH SPLIT: - 0.00DE+00 2.233E-02

CASE NUMBER /SPLTT: 4 1.115E-01
DESCRIPTION: OTHERVISE $ NO CONTINUOUS IGNITION

CASE / BRANCH SPLIT: 1.115E- 01 0.000E+00

******** QUESTION: 43 HIGH PRESSURE MELT EJECTION AT RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 35093

BRANCHES: HPME N0_HPME
1 2

REALIZED SPLIT: 2.042E-02 9.796E-01
;

l
| SUMMARY BY CASE
!

L;.cE ''1MBER/ SPLIT: 1 5.076E-01
DEPENDENCIES: 32

REO. BRANCHES: 2

DESCRIPTION: N0_ FAIL
CASE / BRANCH SPLIT: 0.000E+00 5.076E-01

CASE NUMBER / SPLIT: 2 4.669E-01
DEPENDENCIES: 13

REO. BRANCHES: 1

DESCRIPTION: LOV_ PRES
CASE / BRANCH SPLIT: 0.000E+00 4.669E-01

CASE NUMBER / SPLIT: 3 2.5523-02
DESCRIPTION: OTHERVISE $ RPV FAILURE AT HIGH PRE

CASE / BRANCH SPLIT: 2.042E-02 5.104E-03

******** OUESTION: 44 LARGE H2 BURN IGNITED AT/NEAR RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. INPUT PARM. 37679

BRANCHES: NO_BRN_IG LG_BRN_IG

REALIZED SPLIT: 9.655E-01 3.453E-02

SUMMARY BY CASF

CASE NUMBER / SPLIT: 1 8.880E-01
DEPENDENCIES: 42

RE0. BRANCHES: 2

DESCRIPTION: IGNIT SRC
CASE / BRANCH SPLIT: ~ 8.880E-01 0.000E+00

CASE NUMBER / SPLIT: 2 5.954E-02
DEPENDENCIES: 40
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REO. BRANCHES: 6

DESCRIPTION: > 55%
CASE / BRANCH SPLIT: 5.954E-02 0.000E+00

CASE NUMBER / SPLIT: 3 0.000E+00
DEPENDENCIES: 40 41 39 7

1)REO. BRANCHES: 1 * 1 *( 1 +

DESCRIPTION: 0-15% 33% DV PAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000S+00 0.00DE+00

CASE NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: 40 41 43

RE0. BRANCHES: 1 * 1 * 1

DESCRIPTION: 0-15% 33% HPME

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 5 0.000E400
DEPENDENCIES * 40 41

'

REO BRANCHES: 1 * 1

DESCRIPTION: 0-15% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 6 0.000P400
DEPENDENCIES: 40 41 39 7

1)RE0. BRANCHES: 2 * 1 *( 1 +

DESCRIPTION: 15-25% 33% DV PAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000E.00 0.00DE+00.()
CASE NUMBER / SPLIT: 7 0.000F400

DEPENDENCIES: 40 41 43

REO. BRANCHES: 2 * 1 * 1

DESCRIPTION: 15-25% 33% HPHE

CASE /sRANCH SPLIT: 0.000E+00 0.000E+00
_

CASE NUMBER / SPLIT: 8 0.000E+00
DEPENDENCIES: 40 41

RE0. BkANCHES: 2 * 1

DESCRIPTION: 15-25% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E400

CASE NUMBER / SPLIT: 9 0.000E400
DEPENDENCIES: 40 41 39 7

1)RE0. BRANCHES: 3 * 1 *( 1 +

DESCRIPTION: 25-35% 33% DV PAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000E+00 0.00DE+00

CASE NUMBER / SPLIT: 10 0.000E+00
DEPENDENCIES: 40 41 43

REO. BRANCHES: 3 * 1 * 1

DESCRIPTION: 25-35% 33% HPME

CASE / BRANCH SPLIT: 0.000F>00 0.000E+00

CASE NUMBER / SPLIT: 11 0.000S+00
DEPENDENCIES: 40 41
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REO. BRANCHES: 3 * 1

DESCRIPTION: 25-35% 33%
CASE / BRANCH SPLIT: 0.00CE+00 0.000E+00

CASE NUMBER / SPLIT: 12 0.000E+00
DEPENDENCIES: 40 41 39 7

REO. BRANCHES: 4 * 1 *( 1 + 1)
DESCRIPTION: 35-45% 33% DV FAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000E+00 0.00DE+00

CASE NUMBER / SPLIT: 13 0.000E+00
DEPENDENCIES: 40 41 43

REO. BRANCHES: 4 * 1 * 1

DESCRIPTION: 35-45% 33% HPME
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 14 0.000E+00
DEPENDENCIES: 40 41

REO. BRANCHES: 4 * 1

DESCRIPTION: 35-45% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 15 0.000E400
DEPENDENCIES: 40 41 39 7

REO. BRANCHES: 5 * 1 *( 1 + 1)
DESCRIPTION: 45-55% 33% DV FAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000E400 0.005E+00 gg
CASE NUMBER / SPLIT: 16 0.000E,00

DEPENDENCIES: 40 41 43 ,

REO. BRANCHES: 5 * 1 * 1

DESCRIPTION: 45-55% 33% HPME

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 17 0.000E+00
DEPENDENCIE1 40 41

REO. BRANCHES: 5 * 1

DESCRIPTION: 45-55% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 18 2.655E-03
DEPENDENCIES: 40 41 39 7

1)REO. BRANCHES: 1 * 2 *( 1 +

DESCRIPTION: 0-15% 22% DV FAIL PRIOR RV
CASE / BRANCH SPLIT: 0.000E+00 2.655E-03

CASE NUMBER / SPLIT: 19 9.105E-07
DEPENDENCIES: 40 41 43

REO. BRANCHES: 1 * 2 * 1

DESCRIPTION: 0-15% 22% hPME

CASE / BRANCH SPLIT: 3.977E 07 5.12t'.-07

CASE NUMBER / SPLIT: 20 1.050E-04
DEPENDENCIES: 40 41
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/ 'T REQ. BRANCHES: 1 * 2
'

\J DESCRIPTIONt 0-15% 22%

C/.SE/BRANCil SPLIT: 6.516E-05 3.988E-05

CASE NUMBER / SPLIT: 21 5.221E-05
D5PENDENCIES: 40 41 39 7

REO. PAANCHES: 2 * 2 *( 1 + 1),

DESCRIPTION: 15-25% 22% DV FAIL PRIOR RV
CASE / BRANCH SPLIT: 0.000E400 5.22TE-05

CASE NUMBER / SPLIT: 22 8.013E-05
DEPENDENCIES: 40 41 43

REQ. BRANCHES: 2 * 2 * 1

DESCPIPTION: 15-25% 22% HPHE

CASE /BRANCl! SPLIT: 3.526E-05 4.487E-05

CASE NUMBER / SPLIT: 23 1.743E-03
DEPENDENCIES: 40 41

REQ. BRANCHES: 2 * 2

DESCRIPTION: 15-25% 22%

CASE / BRANCH SPLIT 1.080E-03 6.69*N 04

CASE NUMBER / SPLIT: 24 6.648E-05
DEPENDENCIES: 40 41 39 7

1)REO. BRANCHES: 3 * 2 *( 1 +

DESCRIPTION: 25-35% 224 DV PAIL PRIOR RVs

CASE / BRANCH SPLIT: 0.000E400 6.64BE-05

CASE NUMBER / SPLIT: 25 1.020E-04
DEPENDENCIES: 40 41 43

REQ. BRANCllES: 3 * 2 * *
.

DESCRIPTION: 25-35% 22% HPHE

CASE / BRANCH SPLIT: 5.813E-05 4.385E-05

CASE NUMEER/ SPLIT: 26 2.218E-03
DEPENDENCIES: 40 41

REO. BRANCHES: 3 * 2

DESCRIPTION: 25-35% 22%

CASE / BRANCH SPLIT: 1.597E-03 6.209E-04

CASE NUMBER / SPLIT: 27 0.000E400
DEPENDENCIES: 40 41 39 7

REQ. BRANCHES: 4 t 2 *( 1 + 1)
DESCRIPTION: 35-4S% 2?% DV PAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

(tie NUMBER / SPLIT: 28 0.000E+00
DEPENDENCIES: 40 (1 43

REO. BRANCHES: 4 + * 1
'

DESCRIPTION: 35-45% 22% HPHE

CASE / BRANCH SPLIT: 0.000E400 0.000E+00

CASE NUMBER / SPLIT: 29 0.000c500
DEPENDENCIES: 40 41
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ff0. BRANCHES: 4 * ?

DESCRIPTION: 35-45% 224
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 30 0.000E+00
DEPENDENCIES: 40 41 39 7

1)REO. BRANCilES: 5 * 2 *( 1 +

DESCRIPTION: 45-55% 22% DV FAIL PRIOR RV
CASE /bkANCH SPLIT: 0.000L+00 0.00DE+00

CASE NUMBER / SPLIT: 31 0.000E400
DEPENDENCIES: 40 41 43

REO. ERANCHES: 5 * 2 * 1

DZSCRIPTION: 45-55% 22% HPHE

CASE / BRANCH SPLIT: 0.000E,00 0.000E+00

CASE NUMBER / SPLIT: 32 0.000E400
DEPENDENCIES: 40 41

RE0. BRANCilES: 5 * 2

DESCRIPTION: 45-55% 22%

CASE /BRAhCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 33 2.492E-02
DEPENDENCIES: 40 41 39 7

1)REO. BRANCilES: 1 * 3 *( 1 +

DESCRIPTION: 0-1si 11% DV FAIL PRIOR RV
CASE / BRANCH SPLIT: 0.000E+00 2.497E-02 || |
CASE NUMBER / SPLIT: 34 7.402E-04

DEPENDENCIES: 40 41 43
REO. BRANCHES: 1 * 3 * 1

DESCRIPTION: 0-15f; 11% HPHE

CASE /BP.ANCll SPLIT: 4.219E-04 3.183E-04

CASE NUMBER /SFLIT: 35 1.027E-02
DEPENDENCIES: 40 41

REO. BRANCHES: 1 * 3

DESCRIPTION: 0-15% 11%

CASE /BRANCil SPLIT: 7.3910-03 2.874E-03

CALb ' J'.BER/ SPLIT: 36 1.164E-04
DEPENDENCIES: 40 41 ?9 7

1)REO. BRANCHES: 2 * 3 *( 1 +

DESCRIPTION: 15-25% 11% DV FAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000E+00 1.164E-04

CASE NUMBER / SPLIT: 37 1.784E-04
DEPENDENCIES: 40 41 43

REO. BRANCHES: 2 * 3 * 1

DESCRIPTION: 15-25% 11% llPHE

CASE / BRANCH SPLIT: 1.267E-04 5.172E-05

CASE NUMBER / SPLIT: 38 3.879E-03
| DEPENDENCIES: 40 41
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!

REQ. BRANCHES: 2 * 3

O DESCRIPTION: 15-25% 11%

CASE /BRANCil SPLIT: 3.064E-03 8.145E-04

CASE NUMBER / SPLIT: 39 1.402E-04
DEPENDENCIES: 40 41 39 7

REO. BRANCHES: 3 * 3 *( 1 +
_

1)
DESCRIPTION: 25-35% 11% DV FAIL PRIOR RV

CASE / BRANCH SPLIT: 0.000E+00 1.487E-04

CASE NUMBER / SPLIT: 40 2.270E-04
DEPENDENCIES: 40 41 43

REO. BRANCHES: 3 * 3 * 1

DESCRIPTION: 25-35% 11% HPHE

CASE /BRANCil SPLIT: 1.612E-04 6.583E-05

CASE NUMBER / SPLIT: 41 4.937E-03
DEPENDENCIES: 40 41

REO. BRANCilES: 3 * 3

DESCRIPTION: 25-35% 11%

CASE / BRANCH SPLIT: 3.9006 03 1.037E-03

CASE NUMBER / SPLIT: 42 0.000E+00
DEPENDENCIES: 40 41 39 7

REO. BRANCilES: 4 * 3 *( 1 + 1)
DESCRIPTION: 35-45% 11% DV PAIL PRIOR RV

CASE /BRANCil SPLIT: 0.000Z+0J 0.00DE400()
CASE NUMBER / SPLIT: 43 0.0000+00

DEPENDENCIES: 40 41 43
REQ. BRANCHES: 4 * 3 * 1

DESCRIPTION: 35-45% 11% llPHE

CASE /BRANCll SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 44 0.000E+00
DEPENE 6CIES: 40 41

REQ. BRANCHES: 4 * 3

DESCRIPTION: 35-45% 11%

CASE /BRANCll SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 45 0.000E+00
DEPENDENCIES: 40 41 39 7

1)REQ. BRANCilES: 5 * 3 *( 1 +

DESCRIPTION: 45-55% 112 DV F/IL PRIOR RV

CASE / BRANCH SPLIT: 0.000E+00 0.00DE+00

CASE NUMBER / SPLIT: 46 0.000E40n
DEPEhDENCIES: 40 41 43

REO. BRANCilES: 5 * 3 * 1

DESCRIPTION: 45-55% 11% HPHE

CASE /BRANCil SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 47 0.000E+00
DEPENDENCIES: 40 41
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REO. BRANCHES: 5 * 3

| ||DESCRIPTION: 45-55% 11%

CASE /bRANCil SPLI*: 0.000E+00 0.000E400

CASE NUMBER / SPLIT: 48 0. 000 f. > 00
DESCRIPTION: OTHERVILE $ SHOULD NEVER GO THIS PN

CASE /BRANCli Effd1: 0.000E+00 0.000E+00

******** OUESTION: 45 CONTAINHENT FAILURE DUE TO 112 DET01;ATION AT/NEAR RPV FAILU;
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 37950

BRL!:CHES: DET CF NO
~

1 2

REALIZED SPLIT 6.489E-05 9.999E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 9.655E-01
DEPENDENCIES: 44

REO. BRANCilES: 1

DESCRIPTION: NO BRN IG
~

LASE /BRANCil SPLIT: ~ 0.000E+00 9.655E-01

CASE NUMBER / SPLIT: 2 0.000E+00
DEPENDENCIES: 40 40 40

REO. BRANCHES: 4 + 5 + 6

DESCRIPTION: 35-45% 45-55% > 55% &
CASE /BRANCil SPLIT 0.000E+00 0.000E+00 W

CASE NUFJER/ SPLIT: 3 0.000E400
DEPENDENCIES: 41 3 7 18 6

REO. BRANCi!ES: 1 * 1 * 1 * 2 * /1
DESCRIPTION: 33% SB0 PRIOR RV SPRAY /NO INJECT

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: 40 41

REO. BRANCHES: 1 * 1

DESCRIPTION: 0-15% 33%

CASL/BRANCil SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 5 0.000E+00
DEPENDENCIES: 40 40 41

REO. BRANCHES: ( 2 + 3) * 1

DESCRIPTION: 15-25% 25-35% 33%

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 6 3.035E-02
CEPENDENCIES: 41

REO. BRANCllES: 3

DESCRIPTION: 11%

CASE /BRANCil SPLIT: 0.000E+00 3.035E-02

CASE NUMBER / SPLIT: 7 2.654E-03
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h DEPu TENCIES: 41 3 7 18 6
,

(_ ,/ REO. BRAi!CllES: 2 * 1 * 1 * 2 * /1 -

DESCRIPTION 22% SB0 PRIOR RV SPRAY /NO INJECT
CASE / BRANCH SPLIT: 5.839E-05 2.596E-03

CASE NUMBER / SPLIT: 8 1.490E-03 '

DEPENDENCIES: ,40 10 41

3) * 2REO. BRANCHES: ( 2 +

DESCRIPTION: 15-25% 25-35% 22%

CASE / BRANCH SPLIT: 0.000E400 1.490E-03

CASE NUMBER / SPLIT: 9 4.135E-05 ,

DEPENDESCIES: 40 41 ,

REO. BRANCJES: 1 * 2

DESCR1PTIOri: 0-15%- :22%-
CASE / BRANCH SPLIT:- 6.506E-06 3.485E-05

CASE NUMBER / SPLIT: .' O 0.000E400
DESCRIPTION: OTilERVISE $ Sil0ULD NEVER-REACH THIS

CASE / BRANCH SPLI': 0.000E+00 0.000E+00

******** . QUESTION: 46 CONTAIMENT FAILURE AT/NEAR RPV FAILURE ,

0-TYPE / TIMES ASKED: DEP. CALt;. PROB. 37950
BRANCHES: FAILbRE NO FAILUR

() REALIZED SPLIT: 1.389E-02 9.861E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 9.770E-03
DEPENDENCIE3: 30

RE0. BRANCHES: 1

DESCRIPTION: ALPHA t

CASE /BRANCil SPLIT: 9.770E-03 0.000E400.

CASE NUMBER / SPLIT: 2 6.416E-05
DEPENDENCIES: 45-

REO. BRANCHES: 1

DESCRIPTION: DET CF
~

' RASE / BRANCH SPLIT: 6.416E-05 0.000E+00

CASE NUMBER / SPLIT: 3 9.902E-01
DESCRIPTION - OTHERVISE

' CASE / BRANCH SPLIT 4 4.054E-03 9.861E-01
:

********' ODESTION: 47 H0DE OF CONTAIMENT FAILURE AT/NEAR RPV FAILURE
0-TYPE / TIMES ASKED: DEP. CALC. PROB. 39093 -'

BMNCilES: ANCHORAGE PN-D/NoCF

>(}-
1 2

REAl' ZED SPLIT: 2.449E-03 9.976E-01

1 SUMMARY BY CASE

|- H.4 - 39
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|hCASE NUMBER / SPLIT: 1 9.861E-01
DEPENDENCIES: 46

REO. BAANCHES: 2

DESCRIPTION: NO FAILUR
~

CASE /BRANCII SPLIT: 0.000E400 9.861E-01

CASE NUMBER / SPLIT: 2 9.334E-03
DEPENDENCIP.S 45 30

REO. BRANCHES: 1 + 1

DESCRIPTION: DET CF ALPHA

CASE / BRANCH SPLIT:
~

0.000E+00 9.834E-03

CASE NUMBER / SPLIT: 3 4.054E-03
DESCRIPTION: OTHERVISE

CASE / BRANCH SPLIT: 2.449E-03 1.605E-03

******** QUESTION: 48 DRYVELL FAILURE DUE TO CONTAINHENT H2 BURN BEFORE/NEAR RPV
0-TYPE / TIMES ASKED: DEP. CALC. PROB. 44944

BRANCi!ES: DV FAIL NO DV FL
- - -

REALIZED SPLIT: 4.175E-03 9.958E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT 1 2.098E-02
DEPENDENCIES: 22

REO. BRANCHES: 2

DESCRIPTION: LG BURN
~

CASE / BRANCH SPLIT: 9.573E-04 2.002E-02

CASE NUMBER / SPLIT: 2 3.452E-02
DEPENDENCIES: 44

REO. BRANCHES: 2

DESCRIPTION: LG BRN IG
CASE / BRANCH SPLIT:

~

~ 3.217E-03 3.131E-02

CASE NUMBER / SPLIT: 3 9.445L.01
DESCRIPTION: OTHERVISE $ NO LARGE BURNS IN CNTMT

CASE / BRANCH SPLIT: 0.000L400 9.445E-01

******** QUESTION: 49 POOL BYPAFS BEFORE/NEAR RPV FAILURE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 47658

BRANCHES: POOL BP NO PL BP
1 2

REALIZED SPLIT: 5.184E-02 9.482E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.151E-02
DEPENDENCIES: 39

RE0. BRANCHES: 1
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f~ DESCRIPTION: DV FAIL !
-

CASE /BRANCil SPLIT: 1.151F: 02 0.000E+00 I

CASE NUMBFR/ SPLIT: 2 4.086E 03
DEPENDENCIES: 48

REO. BRANCllES: 1
" DESCRIPTION: DV FAIL

~

CASE / BRANCH SPLIT: 4.086E-03 0.000E+00

CASE NUMBER / SPLIT: 3 3.440E-02
DEPENDENCIES: 25 47 |

REO. BRANCHES: 1 + 1 |
DESCRIPTION: ANCi!0 RAGE ANCHORAGE l

CASE / BRANCH SPLIT 3.440E-02 0.000E+00 j

CASE NUMBER / SPLIT: 4 3.528F-02 i

DEPENDENCIES: 22 44 3 3 3 3 3. !
IRE03 BRANCllES: ( 2 + 2) *(( 3 + 4 + 6) +( 1 5+

DESCRIPTION: LG BURN LG BRN IG OTHER TYP CRIT ATVS OTilERS SB0 LOO. |,
~

CASE / BRANCH SPLIT: 1.763E-03 3.351E-02

CASE NUMBER / SPLIT: 5 9.148E-01
DESCRIPTION: OTilERVISE $ BYPASS FOR SEQUENCES VI' |

CASE / BRANCH- SPLIT: 9.081E-05 9.147E-01 '

| f) !******** QUESTION: 50 CNTHT FAILUhE AT/NEAR RPV FAILURE 1HPACT ON ECCS INJECTION
! s 0-TYPE / TIMES ASKED: DEP. INPUT PROB. 48566'

BRANCHES: NO PAILUR FAILUR
1~ 2

| REALIZED SPLIT: 9.978E-01 2.203E-03

SUMMARY BY CASE i

i

CASE NUMBER / SPLIT: 1 2.448L-03
DEPENDENCIES: 47

| REU. BRANCilES: 1

DESCRIPTION: ANCHORAGE
CASE / BRANCH SPLIT: 2.444E-04 2.203E-03 ;

L

L CASE NUMBER / SPLIT: -2 9.976E-01
J DESCRIPTION: 'OTHERVISE $ NOT ANCHORAGE
|> CASE /BRANCil SPLIT: 9.976E-01 0.000E+00
|z

'******** OVESTION: 51 .CNTHT FAILURE'AT/NEAR RPV FAILURE IMPACT ON ECCS INJECTION--'

L ''0-TYPE / TIMES ASKED: DEP. INIUT PROB. 52777
' BRANCilES: NO FAILUP FAILUR

|
1 2

~

REALIZED SPLIT: '9.942E-01 5.840E-03

SUMMARY BY CASE

CASE NUliBER/ SPLIT: I 1.168E-02

H.4 - 41
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DEPENDENCIES: 46 50
REO. BRANCHES: 1 * 1

DESCRIPTION: FAILURE NO FAILUR
CASE / BRANCH SPLIT: 5.84DE-03 5.840E-03

CASE NUMBER / SPLIT: 2 9.883E-01
DESCRIPTION: OTHERVISL $ NO CNTHT FAILURE

CASE / BRANCH SPLIT: 9.883E 01 0.000E400

******** QUESTION: 52 CNTHT FAIL AT/NEAR RPV FAILURE STEAH/ RADIATION RELEASE IMP,
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 50189

BRANCHES: N0_FAILUR FAILUR
.1 2

REALIZED SPLIT: 9.942E-01 5.839E-03

SUMMARY BY CASE

CASE-NUMBER / SPLIT: 1 1.168E-02
DEPENDENCIES: 46 50

REO. BRANCHES: 1 * 1

DESCRIPTION: FAILURE NO FAILUR
CASE / BRANCH SPLIT: 5.839E-03 5.839E-03

CASE NUMBER / SPLIT: 2 9.R83E-01
DESCRIPTION: OTHERVISE S NO CNTHT FAILURE

||gCASE / BRANCH SPLIT: 9.083E-01 0.000E+00

******** QUESTION: 53 INJECT & SPRAY FAILURE DUE TO CNTHT FAILURE AT/NEAR RPV FK
0-TYPE / TIMES ASKED: DEP. INIUT PROB. 59189

DRANCHES: NO FAILUR INJ6 SPY F
1- 2

-

RFALIZED SPLIT: 9.949E-01 5.123E-03

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 2.203E-03
DEF2NDENCIES: 50

RE0. BRANCHES: 2

DESCRIPTION: FAILUR
CASE / BRANCH SPLIT: 0.000E+00 2.203E-03

CASE NUMBER / SPLIT: 2 2.919E-03
DEPENDENCIES: 51 52

RE0. BRANCHES: 2 * 2

DESCRIPTION: FAILUR FAILUR
CASE / BRANCH SPLIT: 0.000E+00 2.919E-03

CASE NUMBER / SPLIT: 3 9.949E-01
DESCRIPTION: OTHERVISE $ ALL INJECT NOT FAILED A'

CAGE /BBANCH SPLIT: 9.9493-01 0.000E+00
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!

!
t

f''i ******** QUESTIONt $4 TYPE OF DEBRIS CONORETE IWTERACTIONS
'( ,) 0-TY'E/TIHFS ASKED: DEP. IN?UT PROB. 91191 ;

- MRANCilES t - DRY-CCI FAST VET SLOV-VET NO-CCI
1 2 3 4 L

REALIZED SPLIT: 2.284V-01 8.772E-02 1.256E-01 5.585E-01

SUHHARY BY CASE |
i

CASE NUMBER / SPLIT: 1 5.077E-01
DEPENDENCIES: 32

REO. BRANCHES: 2

DESCRIPTION - NO FAIL-
~

CASE / BRANCH SPLIT 0.000E400 0.000E+00 0.000E400 5.077E-01 i

CASE NUMBER / SPLIT: 2 2.284E-01 ,

DEPENDENCIES: 33 33 53
REO. BRANCHES: 4 +( 2 * 2) |

DESCRIPTION: RPV VTR RPV+INJ INJ6 SPY F
' ~

CASE / BRANCH SPLIT: 2,984E-01 0.000E+00 0.000E400 0.000E+00
~

CASE NUMBER /FPLIT: 3 3.,46E-04

DEPENDENCIES: 33 33 53 -43
REO. BRANCilES: ( 3 +( 1 *. 2)) -* 1

DESCRIPTION FLD FLD+1NJ INJ6 SPY F llPPE
CASE / BRANCH SPLIT: 0.000E400 6.540E-05~1.828E-04 1.264E-04

,

O' CASE Nui'#RR/APs.IT: 4 2.965"-04
- DEPEN. : 33 33 53 43 14

REO. BRAhu.. .. ( _ 3 +( 1 * 2)) * 2 * 1

DESCRIPTION: FLD FLD+INJ INJ& SPY F NO HPHE LG DEB
CASE / BRANCH SPLITt 0.000E+00 0.292E-05~1.423E-04 7.095E-05

. CASE!NUH8ER/ SPLIT: 5 3.163E-03 ,

DEPENDENCIES - 33. 33 '53 43 14'
:REO. BRANCHES -( 3 +( 1 * 2)) * 2 * 2

DFSCRIPTION: . FLD FLD+INJ INJ& SPY F NO IIPHE SH DEB -

CASE / BRANCH SPLIT 0.000E+00 8.853E-04 1.515E-03 7.587E-04
~

CASE NUMBER / SPLIT 6 9.182E-03
DEPENDENCIES: 33' 53 43

REO. BRANCilES '( 2 * 1) * 1

DESCRIPTION: RPV+1NJ NO FAILUR HPHE
CASE /BRANCil SPLIT: 0.00DE400 2.892E-03 4.3848-03 1.905E-03

|
l CASE NUMPER/ SPLIT: 7- 2.391E-01

DEPENDENCIES: 33- 53 43
RE0. BRANCHES:-( 2 * .1)- * 2

- DESCRIPTION:: RPV4INJ N0 FAILUR N0 IIPME
CASE / BRANCH SPLIT: 0.00DE+00 8.071E-02 1.136E-01 '/:.484E-02

;
,

CASE' NUMBER / SPLIT: 8 2.398E-91
*

DEPENDENCIES: 33 53 43'

.

REO. BRANCHES:-( 1. * 1) . 1* ,

!? DESCRIPTION: FLD+1NJ N0_FAILUR HP_HE

11 . 4 - 4 3
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CASE /BRANCil SPLIT: 0.000E+00 4.194E-04 1.169E-03 0.092E-04

CASE NUMBER / SPLIT 9 4.462E-04
DEPENO"NCIES: |3 53 43 14

REO. BRANCHES: ( 1 * 1) * 2 * 1

DESCRIPTION: FLD+INJ NO TAILUR N0 llPHE LG DEB .

'
CASE / BRANCH SPLIT 0.00DE+00 1.24?E-04 2.144E-04 1.070E-04

CASE NUMBER / SPLIT 4 10 9.057E-03
DEPENDENCIES: 33 53 43 14

REO. BRANCllES: ( 1 * l ', * 2 * 2

b",SCRI PTION : FLD+1NJ NO FAILUR NO HPHE SH DEB
CASE /BRANC!l SPLIT: 0.00DF +00 2.536E-03 4.34HE-03 2.173E-03

CASE NUMBER / SPLIT: 11 0.000E+00
DESCRIPTION: OTHERVISE $ SHOULD NEVER TAKE THIS

CASE / BRANCH SPLIT: 0.000r+00 0.000E+00 0.000E+00 0.000E+00

******** OUESTION: 55 PEDESTAL FAILURE DUE TO CORE DEBRIS CONCRETE (NTERACTION
0-TYPE / TIMES ASRED: DEP. INTUT PROB. 114.90

BRANCHES: AT VB AFTER VB NO FAILUR
1~ 2

~ 3'
REALIZED SPLIT: 1.558E-02 1.509E-01 8.336E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.558E-02
DEPENDENCIES: 39 48

REO. BRANCHES: 1 + 1

DESCRIPTION: DV FAIL DV FAIL
CASE /BRANCil SPLIT:

~

1.55Hr.-02 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 2 5.0592-01
DEPENDENCIES: 32

REO. BRANCili1: 2
'

DESCRIPTION: NO FAIL
CASE /BRANCil SPLIT:

~

0.000E+00 0.000E+00 5.059E-01

CASE NUMBER / SPLIT: 3 2.229E-01
DEPENDENCIES: 54

REO. BRANCHES: 1

DESCRIPTION: DRY-CCI
CASE / BRANCH SPLIT: 0.000E+00 9.585E-02 1.271E-01

CASE NUMBER / SPLIT: 4 G.512E-02
DEPENDENCIES: 54

REO. BRANCHES: 2

DESCRIPTION: FAST VET
CASE /BRANCil SPLIT: 0.000E+00 2.468E-02 6.043E-02

CASE NUMBER / SPLIT: 5 1.216E-01
DEPENDENCIES: 54

RE0. BRANCHES: 3
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I

DESCRIPTION: .SLOV-VET--

() CASE /BRANCil SPLIT: 0.000E+00 3.040E-02 9.121E-02 [

CASE FUMBER/ SPLIT: 6 4.9072-02
DEPENDENCIES: 54 f

REQ. BRANCHES: 4

DESCRIPTION: NU-CCI
CASE /BRANCil SPLIT: 0.000E+00 0.000E400 4.907E-02

CASE NUMBER /SPLI1: 7 0.000E+09
DESCRIPTION: OTilERVISE $ S!!0ULD NEVdR GO THIS ."A'

CASE / BRANCH SPLIT: 0.000E+00 0.000B+00 0.000E+00 ,

!

******** 00ESTION: 56 MODE OF BHR SPRAY OPERATION LATE
0-TYPE / TIMES ASKED: DEP. INPUT Prob. 114790

BRANCllES: -CONTP.0LD SPRAY NO SPRAY
1 2 3~

-REALIZED SPLIT: 0.000E+00 4.297E-01 5.704E-01-

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 5.704E-01
DEPENDENCIES: 8

/ REO. BRANCHES: /1
DESCRIPTION: /RHR SPRY

.(} ~

CASC/ BRANCH SPLIT: 0.000E400 0.000E+00 5.704E-01

CA3E NUMBER / SPLIT: 2 3. 660E- 01
DEPENDENCIES: 3 8

REO. BRANCHES - /1 * 1 i

DESCRIPTION: /SB0 RHR SPPV-
CASE / BRANCH SPLIls 0.000l+00 3.660E-01 0.000E+00

CASE NUMBER / SPLIT: 3 ~3.581E-02
DEPENDENCIES: 3 7' 8

REO. BRANCHES: 1 * 1 * l'
DESCRIPTION:- SB0 PRIOR RV RHR SPRY

CASE / BRANCH SPLIT: 0.000E+00-3.581E-02 0.000E400

CASE NUMBER / SPLIT: 4 -2.794E-02
DEPENDENCIES: 3 7 8

REO. BRANCHES: 1 * 2 * 1

' DESCRIPTION: -SB0 CNTHT LIH RHR SPRY
- CASE / BRANCH SPLIT: 0.000E+00 2.794E-02 0.000E+00

'

CASE NUMBER / SPLIT: 5 0.000E+00
DESCRIPTION: OTHERVISE $ SHOULD NEVER GO THIS VN

CASE / BRANCH SPLIT - 0.000E+00 0.000E+00 0.000E+00 1

,

/'' ******** QUESTION: 57()) - IlYDROGEN IGNITION SOURCES AVAILABLE LATE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 136142

BRANCilES: NO,, SOURCE -IGN,SOURC
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1 2

|| g4 REALIZED SPLIT: 1.136L-01 8.865E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 8.619E-01
DEPENDENCIES: 16 I

RE0. BRANCHES: 2

DESCRIPTION: HIS ON
~

CASE /PRANCH SPLIT: 0.000E+00 8.619E-01

CASE NUMBER / SPLIT: 2 4.314E-03
DEPENDENCIES: 16 3 3

REO. BRANCHES: 1 * /1 * /5
DESCRIPTION:- HIS OFF /SB0 / LOOP & SB

~

CASE / BRANCH SPLIT: 4.276E-04 3.887E-03

CASE NUMBER / SPLIT: 3 4.131E-02
DEPENDENCIES: 3 7

REO. BRANCHES: 1 * 1

DESCRIPTION: SB0 PRIOP RV
CASE / BRANCH SPLIT: 2.066E-02 2.066E-02

CASE NUMBER / SPLIT: 4 3.171E-02
DEPENDENCIES: 3 7

REO. BRANCHES: 1 * 2

DESCRIPTION: SB0 CNTMT LIM
CASE / BRANCH SPLIT: 3.171E-02 0.000E+00

CASE NUMBER / SPLIT: 5 6.083E.02
DESCRIPTION: OTHERVISE $ LOSS OF AC POVER NO REC'

CASE / BRANCH SPLIT: 6.083L-02 0.000E+00

******** QUESTION: 58 CONTAINMENT STEAM CONCENTRATION LATE

0-TYPE / TIMES ASKED: DEP. INPUT PROB. 153684

BRANCHES: 0-15% 15-25% 25-35% 35-45% 45-55% > 55:

1 2 3 4 5 6

REALIZED SPLIT: 7.665E-01 3.021E-04 8.217E 04 2.026E-03 0.000E+00 2.304:

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 4.297E-01
DEPENDENCIES: 56

REO. BRANCHES: 2

DESCRIPTION: SPRAY
4.297E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000:CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 2 3.013E-04
DEPENDENCIES: 5

REO. BRANCHES. 2

DESCRIPTION: NOT ISOL :
7.333C-05 2.280E-04 0.000E+00 0.000E+00 0.000E+00CASE / BRANCH SPLIT:
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'' CASE NUMBER / SPLIT: 3 7.568E-03>

DEPENDENCIES: 3 6

REO. BRANCHES: 1 * 1

DESCRIli!ON: SB0 NO INJECT
CASE / BRANCH SPLIT 7.494E 03 7.418E-05 0.000E+00 0.000E+00 0.000E+00 0.000.

CASE NUMBER / SPLIT: 4 2.847E-03
DEPENDENCIES: 3 6

REO. BRANCHES: 1 * 2

DESCRIPTION: SB0 RCIC
CASE / BRANCH SPLIT: 0.000E400 0.000E+00 8.217E-04 2.026E-03 0.000E,00 0.000.

CASE NUMBER / SPLIT: 5 1.581E-02
'DEPENsENCIES: 3 6

REO. BRANCHES: 1 3*

DESCRIPTION: SB0 HPCL
CASE / BRANCH SPLIT 0.000E,00 0.000E+00 0.000E400 0.000E+00 0.000E+00 1.581:

.

CASE-NUMBER / SPLIT: 6 2.146E-01
DEPENDENCIES: 2

RE0. BRANCHES: 2

DESCRIPTION: FAILED
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.146:

CASE NUMBER / SPLIT ' 3.292E-01
DESCRIPTION: ITHERVISE $ NON-SB0 TRANSIENTS VITH-s

CASE / BRANCH SPLIT: 3. 292E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000:j
,

******** QUESTION: 59 H2 COMBUJTION BEFORE/AT RPV FATI' RE
0-TYPE / TIMES ASKED: DEP. INPUT PLOB. 153684

BRANCHES: EARLY BRN NO_ERLY_B-

REALIZED SPLIT: 7.513E-01 2.488E-01

SUMMARY BY CASE ;

CASE NUMBER / SPLIT: 1 7.513E-01
DEPENDENCIES: 44 22 21

RE0. BRANCHES: 2 +. 2 + 2

DESCRIPTION: LG BRN IG LG BURN SMALL BRN
CASE / BRANCH SPLIT:

-

- 7.513E-01 0.000E+50

CASE NUMBER,1PLIT: 2 2.488E-01
DESCRIPTION: OTHERVISE

CASE / BRANCH. SPLIT:- 0.000E+00 2.488E-01

******** '0UESTION: 60 CONTAINHENT H2 CONCENTRATION LATE
0-TYPE / TIMES ASKED: DEP. INPL1 PROB. 302752

BRANCHES: < 4 %- 4-8 % 8-12 % 12-16 % 16-20 % > 2i
1 2 3 4 5 6

o a'
l> REALIZED. SPLIT: _ 2.630E-01 2.917E-01 5.930E-02 6.685E-02 3.151E-01 4.355:-

H.4 - 47

L.- __ _ _. . _ _ _ _ _ _ . _ _ _ . _ _ _ . _ . _ . . . _ _ _ _ ,



-- _

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 4.939E-01
DEPENDENCIES: 59 54

REO. BRAMCHES: 1 * 4

DESCRIPTION: EARLY BRN NO-CCI
CASE / BRANCH SPLIT: 2.470E-01 2.470E-01 0.000E+00 0.000E+00 0.000E+00 0.000'.

~

CASE NUMBER / SPLIT: 2 1.024E-01
DEPENDENCIES: 54 54

RE0. BRANCHE3: 1 * 3

DESCRIPTION: EARLY BRN SLOV-VET
~

CAEE/ BRANCH SPLIT: 1.024E-02 2.561E-02 3.073E-02 2.561E-02 1.024E-02 0.000:

CASE NUMBER / SPLIT: 3 7.210P-02
DEPENDENCIES: 59 54

REO. BRANCHES: 1 * 2

DESCRIPTION: EARLY BP.H FAST VET
CASE / BRANCH SPLIT: - 0.000E400 7.207E-03 1.442E-02 2.524E-02 2.524E-02 0.000:

CASE NUMBER / SPLIT: 4 4.339E-04
DEPENDENCIES: 59 54 56 3 6

REO. BRANCHES: 1 * 1 * 3 * 1 * 1

DESCRIPTION: EARLY BRN DRL CCI NO SPRAY SB0 NO INJECT

CASE / BRANCH SPLIT: 0.000E+00 1.62TE-04 3.018E-05 2.583E-05 2.583E-05 2.000:
~

CASE NUMBER / SPLIT: 5 1.217E-03
DEPENDENCIES: 59 54 56 3 6

REQ. BRANCHES: 1 * 1 * 3 * 1 * 2

DESCRIPTION: EARLY BRN DRY-CCI NO SPRAY SB0 RCIC

CASE / BRANCH SPLIT: ~ 0.0000+00 4.567E-05 7.336E-04 4.376E-04 0.000E+00 0.000

CASE NUMBER / SPLIT: 6 0.000E+00
DEPENDENCIESt 59 54 56 3 6

REO. BRANCHES: 1 * 1 * 3 * 1 * 3

DESCRIPTION: EARLY BRN DRY.CCI NO SPRAY SB0 HPCS

CASE / BRANCH SPLIT: ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.v00.

CASE Nt!MBER/ SPLIT: 7 4.032E-03
DEPENDENCIES: a. 54 56 3 6

REO. EPANCHES: 1 * 1 * 2 * 1 * 1

DESCRIPTION: EARLY BRN DRY-CCI SPRAY SB0 NO INJECT

CASE /BP ANCH SPLIT: ~ 0.000E400 1.452E-03 2.822E-04 2.419E-04 2.419E-04 1.815

CASE NUMBER / SPLIT: 8 7.532E-03
DEPENDEllCIES: 59 54 56 3 6

RE0. BRANCHES: 1 * 1 * 2 * 1 * 2

DESCRIPTION: EARLY BRN DRY-CCI SPRAY SB0 RCIC

CASE / BRANCH SPLIT: ~ 0.000E+00 3.760E-04 3.239E-03 2.787E-03 1.054E-03 7.467

CASE NUMBER / SPLIT: 9 0. 0002 + 0')
DEPENDENCIES: 59 54 56 3 6

RE0. BRANCHES: 1 * 1 * 2 * 1 * 3

DESCRIPTION: EARLY_BRN DRY-CCI SPRAY SB0 HPCS
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CASI,/BRANCil SPLIT: 0.000E+00 0.000E,00 0.000E+00 0.000E400 0.000E+00 0.000:

O~
CA.SE NUMBER / SPLIT: 10 6.650E-04

DEPENDENCIES: 59 54 56 3 6

RE0. BRANCHES: 2 * 4 * 3 * 1 * 1

DESCRIPTION: NO ERLY B NO-CCI NO SPRAY SB0 NO INJECT
~

-0.000E+00 6.65DE-04 0.000E+00 0.000E400 0.000E+00 0.000'CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 11 0.000E+00 j

DEPENT ;CIES: 59 54 56 3 6'

REO. BRANCHES: 2 * 4 * 3 * 1 * 2

DESCRIPTION: NO ERLY B No-CC1 NO SPRAY SB0 RCIC
'

CASE / BRANCH SPLIT:
- ~

0.000E+b0 0.00DE+00 0.000E+00 0.000E+00 0.000E+00 0.000:

CASS NUMBER / SPLIT ' 12 9.8920-03 |

DEPENDENCIES: 59 54 56 3 6 |

REO. BRANCHES: 2 * 4 * 3 * 1 * 3 i

DESCRIPTION: NO ERLY B NO-CCI NO $ PRAY SB0 HPCS

CASE / BRANCH SPLIT: ~5.836E-03 4.05EE-03 0.000E+00 0.000E+00 0.000E+00 0.000
~

CASE NUMBER / SPLIT: 13 1.5228-03
DEPENDENCIES: 59 54 56 3 6

RE0. BRANCHES: 2 * 4 * 2 * 1 * 1

DESCRIPTION: NO ERI.Y B NO-CCI SPRAY SB0 NO INJECT
~ ~

CASE /BRANCII CPLIT: 0.000E+00 1.522E-03 0.000E+00 0.000E+00 0.000E+00 0.000

O CASE NUMBER / SPLIT: 14 0.000E+00
DEPENDENCIES: 59 54 56 3 6

RE0. BRANCllES: 2- * 4 * 2 * 1 * 2

DESCRIPTION: NO ERLY B EO.CCI SPRAY SB0 RCIC

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E400 0.000E+00 0.000E+00 0.000'.
" ~

- CASE NUMBER / SPLIT: 15 0.000E+00
DEPENDENCIES: 59 54 56 3 6

RE0. BRANCHES: 2 * 4 * 2 * 1 * 3

DESCRIPTION: NO ERLY B NO-CCI SPRAY SB0 HPCS

CASE / BRANCH SPLIT:
-

~0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E400 0.000?

CASE NUMBER /SPLITr 16 2.312E-02
DEPENDENCIES: -59 54

-REO. BRANCHES: 2 * 3

DESCRIPTION: NO ERLY B SLOV-VET
CASE /BRANCil SPLIT: 0.000E+00 2.311E-03 3.468E-03 5.781E-03 1.156E-02 0.000

~ ~

CASE NUMBER / SPLIT: 17- 1.561E-02
-DEPENDENCIES: 59 54

REO. BRANCHES: 2 * 2

DESCRIPTIGNs. N0_ERLY_B PAST-VET
CASE /BRANCil SPLIT: 0.000E+00 0.000E+00 1.560E-03 2.340E-03-1.171E-02 0.000

CASE NUMBER / SPLIT: 18 4. 279U- 04
. DEPENDENCIES: 59 54 56 3 6

_0- RE0. BRANCHES: 2- * 1 * 3 * 1 * 1

DESCRIPTION: N0_ERLY_B DRY-CCI N0_ SPRAY SB0 NO INJECT
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CASE /BRANCil SPLITt 0.000E+00 1.264E-04 2.990E-05 2.563E-05 2.563E-05 2

CASE NUMBER / SPLIT: 19 1.319E-03
DEPENDENCIES: 59 54 56 3 6

REO. BRANCllES: 2 * 1 * 3 * I * 2

DESCRIPTION: NO ERLY B DRY-CCI NO SPRAY SB0 RCIC
CASE / BRANCH SPLIT: 0.000E+00 0.00DE+00 7.923E-04 4.749E-04 5.203E-05 0.000:

~ ~

CASE NUMBER / SPLIT: 20 0.000E400
DEPENDENCIES: 59 54 56 3 6

KF0. BRANCl!ES: 2 * 1 * 3 * 1 * 3

DESCRIPTION: NO ERLY B DRY-CCI NO SPRAY SB0 flPCS
CASE / BRANCH SPLIT:

~

~0.000E400 0.00DE+00 0.000E+00 0.000E+00 0.000E400 0.000:

CASE NUMBER /St' LIT: 21 3.921E-03
DEPENDENCIES: 59 54 56 3 6

REO. BRANCilES: 2 * 1 * 2 * 1 * 1

DESCRIPTION: NO ERLY B DRY-CCI SPRAY SB0 NO INJECT
~ ~

CASL/ BRANCH SPL1T 0.000E+00 1.216E-03 2.745E-04 2.353E-04 2.353E-04 1.960.

I CASE NUMBER / SPLIT: 22 8.704E-03
( DEPENDENCIES: 59 54 56 3 6

REO. BRANCllES: 2 * 1 * i * 1 * 2'

DESCRIPTION: NO ERLY B DRY-CCI SPRrY SB0 RCIC
~

CASE /BRANCil SPLIT: ~0.000E+00 0.000E+00 3.743E-03 3.656E-03 1.219E-03 8.701:

CASE NUMBER / SPLIT: 23 0.000E+00
DEPENDENCIES: 59 54 56 3 6

REO. BRANCliES: ? * 1 * 2 * 1 * 3

DESCRIPTION: NO ERLY B DRY-CCI SPRAY SB0 HPCS
CASE / BRANCH SPLIT: ~0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000:

~

CASE NUMBER / SPLIT: 24 2.535E-01
| DESCRIPTION: OT11ERVISE $ 51100LD NOT TAFE THIS PA'

CASE / BRANCH SPLIT: 0.000t+00 0.000E+00 0.000E400 0.000E+00 2.535E-01 0.000.

******** QUESTION: 61 AC POVER AVAILABLE LATE
0-TYPE / TIMES ASKED: DEP. INPUI PROB. 302752

BRANCHES: AC_ LATE NO_AC_LAT

REALIZED SPLIT: 9.828E-01 1.726E-02

SUMMARY BY CASEi

CASE NUMBER / SPLIT: 1 1.726E-02
DEPENDENCIES: 3 7

REO. BRANCi!ES: 1 * 3
DESCRIPTION: SB0 NO REC 0V|

CASE, JR.'.NCl! SPLIT: 0.000E+00 1.726E-02

CASE NUMBER / SPLIT: 2 9.828E-01
DESCRIPTION: OTilERVISE $ AC POVER AVAILABLE -'

CASE / BRANCH SPLIT: 9.828E-01 0.000E+00
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1

******** QUESTION: 62 LARGE H2 BURN IGNITED LATE
0-IYPE/ TIMES ASKED: DEP. INPUT PROB. INPUT PARH. 315229

BRANCHES: NO,, BURN LG, BURN,

1 2

REALIZED SPLIT: 9.55CE-01 4.426E-02

SUHl!ARY BY CASE |

'
CASE NUMBER / SPLIT: 1 8.865E-01

DEPE!!DENCIES: 57
REO. BRANCHES: 2

DESCRIPTION: IGN_SOURC . !

CASE / BRANCH SPLIT - 8.865E-01 0.000E+00

CASE NUMBER / SPLIT: 2 5.897E-02
DEPENDENCIES: 58

-REO. BRANCHES: 6 ,

DESCRIPTION: > 55'4
CASE / BRANCH SPLIT: 5.897L-02 0.000E+00

CASE NUMBER / SPLIT: 3 8.919E-03
D5:PENDENCIES: 60

REJ BRANCHES: 1

-
1;tCRIPTION: <4%

,

CASE / BRANCH SPLIT: 8.919E-03 0.000E+00
|

CASE NUMBER / SPLIT: 4 6.463E-04
-DEPENDENCIES: 58 60 61

.RE0.-BRANCHES: l' *- 2 * 2

DESCRIPTION: 0-15% 4-8 % NO AC LAT
CASE / BRANCH SPLI1: 4.591V-04 1.873E-54

CASE NUMBER / SPLIT: 5- 5.4940-05
DEPENDENCIES - 58 60 61

RE0. BRANCHES: 1 * 3 * 2

DESCRIPTION: 0-15% 8-12 % NO AC LAT
CASE / BRANCH SPLIT: 3.694E-05 1.80DE-D5

CASE NUMBER / SPLIT: 6 6.844P.-05
DEPENDENCIES: 58 60 61

RE0. PRANCHES: 1 * 4 * 2

DESCRIPTION: 0-15% 12-16 % NO AC LAT
CASE / BRANCH SPLIT: 3.978E-05 2.865E-55

= CASE NUMBER / SPLIT: 7 1.104E-04
. DEPENDENCIES: 58 . 60 61

REO ERANCHES: . 1 * 5 * 2
'

DESCRIPTION: 0-15% 16-20 % NO AC LAT
CASE / BRANCH SPLIT: 5.410E-05 5.634E-55

CASE NUMBER / SPLIT: 8 3.196L-05
|- DEPENDENCIES: 58 60 61
i
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RE0. BRANCHES: 1 * 6 * 2 |hDESCRIPTION: 0-15% > 10 % NO AC LAT
CASE / BRANCH SPLIT: 1.566L.05 1.636E-65

CASE NUMBER / SPLIT: 9 1.808L-05
DEPENDENCIES: 58 60 61

REO. BRANCHES: 2 * 2 * 2

DESCRIPTION: 15-25% 4-8 % NO AC LAT
CASE / BRANCH SPLIT: 1.294E-05 5.1475-66

CASE NUMBER / SPLIT: 10 3.213E-06
DEPENDENCIES: 58 60 61

REO. BRANCHES: 2 * 3 * 2

DESCRIPTION: 15-25% 8-12 % NO AC LAT
CASE / BRANCH SPLIT: 2.256S-06 9.565E-67

.

CASE NUMBER / SPLIT: 11 3. 858LLO6
DEPENDENCIES: 58 60 61

REO. BRANCHES: 2 * 4 * 2

DESCRIPTION: 15-25% 12-16 % NO AC LAT
CASE / BRANCH SPLIT: 2.295E-06 1.563E-66

CASE NUMBER / SPLIT: 12 8.940E-06
DEPENDENCIES: 58 60 61

REO. BRANCHES: 2 * 5 * 2

DESCRIPTION: 15-25% 16-20 % NO AC LAT
CASE / BRANCH SPLIT: 4.373E-06 4.568E-66 gg
CASE NUMBER / SPLIT: 13 3.227E-07

DEPENDENCIES: 58 60 61

REQ. r'ANCHES: 2 * 6 * 2

DESCRIPTION: 15-25% > 20 % NO AC LAT
CASE / BRANCH SPLIT: 1.581E-07 1.646E-67

CASE NUMBER / SPLIT: 14 8.020E-06
DEPENDENCIES: 58 60 61

REO. BRANCHES: 3 * 2 * 2

DESCRIPTION: 25-35% 4-8 * NO AC LAT
CASE / BRANCH SPLIT: 5.9361-06 2.084E 66

CASE NUMBER / SPLIT: 15 2.154 F.-04
DEPENDENCIES: 58 60 61

REO. BRANCHES: 3 * 3 * 2

DESCRIPTION: 25-35% 8-12 % NO AC LAT
CASE / BRANCH SPLIT: 1.448E-04 7.063E-65

CASE NUMBER / SPLIT: 16 1.287F-04
DEPENDENCIES: 58 60 61 i

REO. BRANCHES: 3 * 4 * 2 |

DESCRIPTION: 25-35% 12-16 % NO AC LAT |

CASE / BRANCH SPLITS 7.486E-05 5.386E-65 )

hCASE NU;iBER/ SPLIT: 17 7. 364 E- 06
DEPENDENCIES: 58 60 61
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r: RE0. BRANCHES: 3 * 5 * 2
I DESCRIPTION: 25-35% 16-20 % NO AC LAT

CASE / BRANCH SPLIT: 3.6080-06 3.753E-D6

CASE NUMBER / SPLIT: 18 0.000E+00
DEPENDENCIES: 58 60 61

REO. BRANCHES: 3 * 6 * 2

DESCRIPTION: 25-35% > 20 % NO AC LAT l
CASE / BRANCH-SPLIT: 0.000E400 0.00DE+DO

CASE NUMBER / SPLIT: 19- 2.170E-05
DEPENDENCIES: 58 60 61

REO. BRANCHES: 4 * i * 2

DESCRIPTION: 35-45% 4-8 % NO AC LAT
CASE / BRANCH SPLIT: 1.576E-05 5.933E-D6 i

|
'

CASE !; UMBER / SPLIT: 20 5.322E-04
DEPENDENCIES: 58 60 61 1

.

RE0. BRANCHES: 4 * 3 * 2
'

-DESCRIPTION: 35-45% 8-12 % NO AC LAT
CASE / BRANCH SPLIT: 3.573E-04 1.749E-64

CASE NUMBER / SPLIT: 21 3.193L'-04
DEPENDENCIES: 58- 60 61

REO.-BRANCHES: 4 * 4 * 2

DESCRIPTION: 35-45% 12-16 % NC AC LAT
-(~'T CASE /ERANJH SPLIT: 1.855E-04 1.33DE-64
Vt

L CASE NUMBER / SPLIT: 22 1.886E-05
DEPENDENCIES: 58 60 61

REO. BRANCHES: 4 * 5 * 2

DESCRIPTION: 35-45% 16-10 % NO AC LAT
CASE / BRANCH 3PLIT: 9.229E-06 9.629E-66

CASE NUMBER / SPLIT: 23 0.000E+00
DEPENDENCIES: 58 60 61

RE0. BRANCHES: 4 * 6 * 2

DESCRIPTION: 35-45% > 20 % NO AC LAT
CASE / BRANCH SPLIT: 0.000E+00 0.00DE+DO

,

CASE NUMBER / SPLIT: 24 0.000E+00
DEPENDENCIES: 58- 60 -61-

REO. BRANCHES: 5 * 2 * 2

DESCRIPTION:' 45-55% 4-8 % NO 4 ' LAT
Cn E/ BRANCH SPLIT: 0.0000+00 0.00DE+00 i3

~ CASE NUMBER / SPLIT: 25 0.000E+00-
DEPENDENCIES: 58 60 61

'

RE0.:ERANCHES: '5' - * 3 *- 2

DESCRIPTION: 45-55%. 8-12 % NO AC LAT
..

.

' CASE / BRANCH SPLIT: 0.000E+00 0.00DE+00

( s_ / - CASE NUMBER / SPLIT: 26 .0.000E+00
L

'

DEPENDENCIES: 58 60 61
'

l

:
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REO. BRANC11ES: 5 * 4 * 2

DESCRIPTION: 45-55% 12-16 % NO AC_LAT || h
CASE / BRANCH SPLIT: 0.000E+00 0.00DE400

CASE NUMBER / SPLIT: 27 0.000L+00
DEPENDENCIES: 58 60 61

REO. BRANCHES: 5 * 5 * 2

DESCRIPTION: 45-55% 16-20 % NO AC LAT
CASE / BRANCH SPLIT: 0.000E+00 0.00DE+DO

CASE NUMBER / SPLIT: 28 0.000E400
DEPENDENCIES: 58 60 61

REO, BRANCHES: 5 * 6 * 2

DESCRIPTION: 45-55% > 20 % NO AC LAT
CASE / BRANCH SPLIT: 0.000E+00 0.00DE+50

CASE NUMBER / SPLIT: 29 1.454E-02
DEPENDENCIES: 58 60 61

REO. BRANCIES: 1 * 2 * 1

DESCRIPTION: 0-15% 4-8 % AC LATE
CASE /BRANCil SPLIT: 0.000E+00 1.45IE-02

CASE NUMBER / SPLIT: 30 9.415E-03
DEPENDENCIES: 58 60 61

REO. BRANCHES: 1 * 3 * 1

DESCRIPTION: 0-15% 8-12 % AC LATE
CASE / BRANCH SPLIT: 0.000E400 9.413E-03 |}
CASE NUMBER / SPLIT: 31 9.056r,-03

DEPENDENCIES: 58 60 61
REO. BRANCHES: 1 * 4 * 1

DESCRIPTION: 0-15% 12-16 % AC LATE
CASE /BRANCil SPLIT: 0.000E+00 9.056E-03

CASE NUMBER / SPLIT: 32 4.750E-03
DEPENDENCIES: 50 s0 61

REO. BRANCHES: 1 * 5 * 1

DESCRIPTION: 0-15% 16-20 % AC LATE
CASE / BRA'lCH SPLIT: 0.000E+00 4.75DE-03

CASE NUMBER / SPLIT: 33 4.237E-03
DEPENDENCIES: 58 60 61

RE0. BRANCHES: 1 * 6 * 1

DESCRIPTION: 0-15% > 20 % AC LATE
CASE / BRANCH SPLIT: 0.000E+00 4.237E-03

CASE NUMBER / SPLIT: 34 4.381E-05
DEPENDENCIES: 58 60 61

REQ. BRANCHES: 2 * 2 * 1

DESCRIPT, TON: 15-25% 4-8 % AC LATE
CASE /BRANCil SPLIT: 0.000E+00 4.38TE-05

h
f CASE NUMBER / SPLIT: 35 4.049E-05
| DEPENDENCIES: 58 60 61
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O RE0. BRANCHES: 2 * 3 * 1
LESCRIPTION: 15-25% 8-12 % AC LATE

CASE / BRANCH SPLIT: 0.000E+00 4.04VE-05

CASE NUMBER / SPLIT: 36 3.188E-05
DEPENDENCIES: 58 60 61

REO.. BRANCHES: 2 * 4 * 1
DESCRIPTION: 15-25% 12-16 % AC LATE

CASE /aRANCH SPLIT: 0.000E+00 3.18HE-05

LASE NUMBER /SPLI'.: 37 1.968E-05
DEPENDENCIES: 58 60 61

REO. BRANCHES: 2 * 5 * 1
DESCRIPTION: 15-25% 16-20 % AC LATE'

CASE / BRANCH SPLIT: 0.000E+00 1.968E-05
-

CASE NUMBER / SPLIT: 38 9.276E-06
DEPENDENCIES: 58 60 61

REO. BRANCHES: 2 * 6 * 1
DESCRIPTION: 15-25% > 20 % AC LATE

CASE / BRANCH SPLIT: 0.000E+00 9.275E-06

CASE NUMBER / SPLIT: 39 2.602E-05
DEPENDENCIES: 58 60 61

REO. BRANCHES: 3 * 2 * 1
DESCRIPTION: 25-35% 48% AC LATE() CASE / BRANCH SPLIT: 0.000E 00 2.602E-05

CASE NUMBER / SPLIT: 40 2.172E-04
DEPENDENCIES: 58 60 61

REO. BRANCHES: 3 * 3 * 1
DESCRIPTION: 25-35% 8-12 % AC LATE

CASE / BRANCH SPL11: 0.000F400 2.177E-04

CASE NUMBER / SPLIT: 41 1.316E-04
DEPENDENCIES: 58 60 61

REO. BRANCHES: 3 * 4 * 1
DESCRIPTION: 25-35% 12-16 % AC LATE

CASE / BRANCH SPLAT: 0.000E+00 1.316E-04

CASE NUMBER / SPLIT: 42 1.008E-05
, . DEPENDENCIES: 58 60 61

RE0. BRANCHES: 3 * 5 * 1
'

DESCRIPTION: 25-35% 16-!.0 % AC LATE
CASE / BRANCH SPLIT: 0.00GE+00 1.005E-05

CASE NUMBER / SPLIT: 43 0.000E400
DEPENDENCIES: 58 60 61

REO. BRANC"'S 3 * 6 * 1
DESCRIPTION: 25-35% > 20 % AC LATE

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00:

CASE NUMBER / SPLIT: 44 6.606E-05
DEPENDENCIES: 58 60 61

_ _ _
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REQ. BRANCHES: 4 * 2 * 1

DESCRIPTION: 35-45% 4-8 % AC LATE
0.000E400 6.603E-05

CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 45 5.351E-04

DEPENDENCIES: 58 60 61

REQ. BRANCHES: 4 * 3 * 1

DESCRIPTION: 35-45% 8-12 % AC LATE
0.000E400 5.351E-04

CASE / BRANCH SPLIT:

CASE NUHBER/ SPLIT: 46 3.251E-04

DEPENDENCIES: 58 60 61

REQ. BRANCHES: 4 * 4 * 1

DESCRIPTION: 35-45% 12-16 % AC LATE
0.000E+00 3.25TE-04

CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 47 2.583E-05

DEPENDENCIES: 58 60 61

REO. BRANCHES: 4 * 5 * 1

DESCRIPTION: 35-45% 16-20 % AC LATE
0.000E+00 2.583E-05

CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 48 0.000E+00

DZPENDENCIES: 58 60 61

REO. BRANCHES: 4 * 6 * 1

DESCRIPTION: 35-45% > 20 % AC LATE
0.000E+00 0.006E400 ||

CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 49 0.00GE400

DEPENDENCIES: 58 60 61

REQ. BRANCHES: 5 * ? * 1

DESCRIPTION: 45-55% 4-8 % AC LATE

0.000E.00 0.00DE+00
CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 50 0.000E+00

DEPENDENCIES: 58 60 61

REO. BRANCHES: 5 * 3 * 1

DESCRIPTION: 45-55% 8-12 % AC LATE
0.000E+00 0.00DE+00

CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 51 0.000E+00

DEPENDENCIES: 58 60 61

REQ. BRANCHES: $ * 4 * 1

DESCRIPTION: 45-55% 12-16 % AC LATE

0.000E+00 0.005E+00
CASE / BRANCH SPLIT:

CASE NUMBER / SPLIT: 52 0.000E+00

DEPENDENCIES: 58 60 61

REO. BRANCHES: 5 * 5 * 1

DESCRIPTION: 45-55% 16-70 % AC LATE

0.00CE*00 0.006E+00
CASE / BRANCH SPLIT: h

CASE NUMBER /SPLITt 53 0.000E+00 I

DEPENDENCIES: 58 60 61 i

j
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REQ. BRANCHES: 5 * 6 * 1O . DESCRIPTION: 45-55% > 10 % AC LATE
CASE /BRANCil SPLIT: 0.000F.+00 0.00DE+00

,

CASE NUMBER / SPLIT: 54 0.000E400
DESCRIPTION: OTHERVISE $ SHOULD NEVER GO THIS PA'

CASE / BRANCH SPLIT: 0.000E+00 0.000E400

******** QUESTION: 63 H2 DETONATION LATE CONTAINHENT PAILURE
0. TYPE / TIMES ASKED: DEP. INPUT PROB. 325281

BRANCilES: DET CP NO
1~ 2 i

REALIZED SPLIT: 7.223E-04 9.994E-01 |

SUMMARY BY CASE .l

CASE NUMBER / SPLIT: 1 9.558E-01
' DEPENDENCIES: 62
RE0. BRANCilES . 1

DESCRIPTION: NO BURN
~

CASE / BRANCH SPLIT: 0.000E400 9.558E-01

CASE NUMBER / SPLIT: 2 1.276E-03
DEPENDENCIES: 58 58 58

REO. BRANCilES: 4 + 5 + 6

O- DESCRIPTION: 35-45% 45-55% > 55%L

j CASE / BRANCH SPLIT: 0.0001;+00 1. 276E-03

CASE NUMBER / SPLIT: 3 2.457E-02
DEPENDENCIES: 60 60 60

2 + 3REO. BRANCHES: 1 +

DESCRIPTION - <4% 4-8 % 8-12 %
CASE /BRANCll' SPLIT: 0.000L400 2.457E-02

CASE NUMBER / SPLIT: 4 '7.129E-03
DEPENDENCIES: 60 3 7 56

REO. BRANCHES - 4 * 1 * 2 * 2

' DESCRIPTION: 12-16 % SB0 CNTHT LIM SPRAY
-CASE /BRANCil SPLIT: -1.5580-04 6.973E-03

zCASE NUMBER / SPLIT - .5 2.174E-03
DEPENDENCIES: 60

RE0. BRANCHES: 4'
DESCRIPTION: 12-16 %

CASE /BRANCll SPLIT: 0.000E+00 2.174E-03

' CASE NUMBER / SPLIT: 6 6.939E-03
DEPENDENCIts: 60 60 3 7 56

0

6) * 1 * 2 * 2REO.~ BRANCHES: ( 5 +

DESCRIPTION: 16-20 %. > 20 % SD0 CNTMT LIM SPRAY
CASE / BRANCH SPLIT ' 1.724E-04 6.767E-03

.

-CASE NUMBER / SPLIT: 7 1.697E-03
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DEFENDENCIES: 60
REO. BRANCilES: 5

DESCRIPTION: 16-20 %
CASE / BRANCH SPLIT: 2.687E-04 1.428E-03

CASE NUMBER / SPLIT: 8 4.650E-04
DEPENDENCIES: 60

REO. BRANCHES: 6
DESCRIPTION: > 20 %

CASE / BRANCH SPLIT: 1.254E-04 3.396E-04

CASE NUMBER /STLIT: 9 0.000E+00
DESCRIPTION: OTHERVISE $ SHOULD NEVER GO TilIS PA'

CASE /BRANCil SPLIT: 0.000E400 0.000E+00

******** QUESTION: 64 HYDROGEN BURN LATE CONTAINHENT FAILURE
0-TYPE / TIMES ASKED: DEP. CALC. PROD. 333908

BRANCHES: FAILURE NO FAILUR,

| 1 2
~

| REALIZED SPLIT: 2.012E-02 9.799E-01

SUMMARY BY CASS

CASE NUMBER / SPLIT: 1 7.223E-04
DEPENDENCIES: f3

REO. BRANCHES: 1

DESCRIPTION: DET CF
~

-CASE / BRANCH SPLIT: 7.223E-04 0.000E+00

CASE NUMBER / SPLIT: 2 9.993E-01,

| DESCRIPTION: OTHERVISE
CASE /BRANCII SPLIT: 1.940E-02 9.799E-01

|

|

| ******** QUESTIO.1: 65 CONTAINHENT STATUS AT ACCIDENT PROGRESSION COMPLETION
0-TYPE / TIMES ASKED: DEP. INPUT PROB. INPUT PARM, 338583

| BRANCHES: EARLY CF LATE CF VENT NO LAT CF
~ ~ ~

1 2 - 3 4

| REALIZED SPLIT: 2.415F-01 5.869E-02 2.952E-01 4.049E-01

SUMMARY BY CAEE

CASE NUMBER / SPLIT: -1 2.281E-01
DEPENDENCIES: 2

REO. BRANCllES: 2

DESCRIPTION: FnILED
CASE /BRANCl! SPLIT: 3.281E-01 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER < SPLIT: 2 2.851E-04
DEPENDENCIES: 5

REO. BRANCHES: 2 g
DESCRIPTION:- NOT ISOL- T

CASE / BRANCH SPLIT: 2.8515-04 0.000E+00 0.000E+00 0.000E+00
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() - CASE NUMBFP./9PLIT: 3 1.4800-03 |
DEPIdDEPCIES: 24

RE0. sRAN;HES: 1

DESCRIPTION: FAILURE
CASE /BRANCll SPLIT: 1.480E-03 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 1.164E-02
DEPENDENCIES: 46

'

REO. BRANCHES: 1

DESCRIPTION: FAILURE
CASE / BRANCH SPLIT: 1.164E-02 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT 5 0.000t+00
DEPENDENCIES: 2 3 9

REO. BRANCHES: 1- * 4 * 1

DESCRIPTION: INTACT CRIT ATVS VENT
CASE / BRANCH SPLIT: 0.000E+00 0.000E400 0.000E400 0.000E+00

CASE NUMBER / SPLIT:- 6 2.304E-02 >

DEPENDENCIES: 8 8 49 54
REO. BRANCHES: ( 1 +( 2 * 2)) * 1

-DESCRIPTION: RHR SPRY RilR POOL NO PL BP DRY-CCI - ;.
~

, CASE /BRANCil SPLIT: 0.000E400 2.303E-53 0.000E+00 2.074E-02-

CASE NUMBER / SPLIT: 7 3.8410-01f- s
DEPENDENCIES: 8 8 49 54

REO. BRANCHES: ( 1 +( 2 * 2)) * /1
DESCRIPTION: RHR_SPBY RHR POOL N0_PL BP / DRY-CCI ,

CASE / BRANCH SPLIT: 0.000E400 0.000E+60 0.000E+00 3.841E-01
t

CASE NUMBER / SPLIT: 8 0.000E+00 -

DEPENDENCILS: 8 49 9

REO. BRANCHES: 2 * 1 * 2

DESCRIPTION: -RHR POOL POOL BP NO VENT
CASE /BRANC11 SPLIT: 0.000E700 0.000E+00 0.000E400 0.000E+00

~ '

. CASE NUMEE3/ SPLIT: 9 2.9525-01
DEPENDENCIES: 9 )

REQ.. BRANCHES: 1 t

t DESCRIPTION - VENT
- CASE /SRANOI SPLIT; 0.000E+00 0.000E+00 2.952E-01 0.000E+00

CASE NUMBEh' SPLIT:J 10' -1.0?s3 03
-DEPENDENCIES: 8 6 6

'

2)REO. BRANCHES: 3 * l' (- 1 +

DESCRIPTION 1 NO RHR SB0 NO INJECT RCIO'

~

CASE / BRANCH SPLIT: 0.000E+00 1.025E-03 0.000E+00 0.000E400

CASE NUMBER / SPLIT . 11 2.971E-03
DEPENDENCIES: 8 3 6

'

: REO. BRANCHES: 3 * i . * 3't
. DESCRIPTION: NO RHR SE .HPCS

CASE / BRANCH SPLIT:
~

0.000E+00 2.971E-03 0.000E+00 0.000E+00
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kCASE NUMBER / SPLIT: 12 5.239E-02
DEPENDENCIES: 8 6 6

2)REO. BRANCHES: 3 *( ) +

DESCRIPTION: NO RHR NO INJECT RCIC
~

CASE / BRANCH SPLIT: 0.000E+00 5.239E-02 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 13 0.000E400
DEPENDENCIES: 8

REO. BRANCHES: 3

DESCRIPTION: NO RHR
CASE / BRANCH SPLIT:

~

0.000E400 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 14 0.000E+00
DESCRIPTION: OTHERVISE $ Sil0VLD NEVER GO THIS PA'

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E400 0.000E+00

******** QUESTION: 66 H0DE OF LATE HYDROGEN AND OVERPRESSURE CONTAINHEP 'AILURE
0-TYPE / TIMES ASRED: DEP. CALC. PROB. 375044

BRANCHES: ANCHORAGE PN-D/NoCF
1 2

REALIZED SPLIT: 2.138E-02 9.787E-01

SUHHARY BY CASE

|hCASE NUMBER / SPLIT: 1 5.869E-02
DEPENDENCIES: 65

REO. BRANCHES: 2

DESCRIPTION: LATE CF
~

CASE /BRANCll SPLIT: 8.801'd-03 4.989E-02

CASE NUMBER / SPLIT: 2 9.229E-01
DEPENDENCIES: 64

REO. BRANCHES: 2

DESCRIPTION: NO FAILUR
CASE / BRANCH SPLIT:

~

0.000E+00 9.229E-01

CASE NUMBER / SPLIT: 3 6.862E-04
DEFENDENCIES: 63

REO. BRANCHES: 1

DESCRIPTION: DET CF
-

CASE / BRANCH SPLIT: 0.000E+00 6.862r '-

CASE NUMBER /SPL7T: 4 1.781E-02
| DESCRIPTION: OTHERVISE
! CASE / BRANCH SPLIT: 1.258E-02 5.237E-03
|
,

l ******** QUESTION: 67 DRYVELL FAILURE DUE TO LATE HYDROGEN BURN IN CONTAINHENT
l 0-TYPE / TIMES ASKED: DEP. CALC. PROB. 410122

BRANCHES: DV_ FAIL N0_DV_FAL

REALIZED SPLIT: 1.727E-02 9.829E-01

! H.4 - 60
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() SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 4.420E-02 ,

'

DEPENDENCIES: 62
REQ. BRANCHES: 2 .

DESCRIPTION: LG BURN
~

CASE / BRANCH SPLIT: 1.727E-02 2.693E-02

CASE NUMBER / SPLIT: 2 9.559E-01
DESCRIPTION: OTilERVISE $ NO LARGE BURNS IN CNTHT ,

CASE /BRANCil SPLIT: 0.000E400 9.559E-01

,.

******** OUESTION: 68 POOL BYPASS LATE
0-TYPE / TIMES ASKED: DEP. INPUT PROB. 418904

BRANCllES: LAT_PL_BP NO_LAT_BP

REALIZED SPLIT: 2.877E-01 7.125E-01

' SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.727E-02
DEPENDENCIES: -67

REO. BRANCHES: 1

DESCRIPTION: - DV PAILs
# ~

CASE / BRANCH SPLIT: 1.727L-02 0.000E400

CASE NUMBER / SPLIT - 2 9.800E-03 i

DEPENDENCIES: 66
REO. BRANCilES: 1

DESCRIPTION: ANCil0 RAGE-
CASE / BRANCH SPLIT: 9.808E-03 0.000E+00

CASE NUMBER / SPLIT: 3 1.405E-01
DEPENDENCIES: 55

E REO. BRANCHES: 2

DESCRIPTION AFTER VB
'

-CASE / BRANCH SPLIT: 1.405E-01 0.000E+00

*

CASE NUMBER / SPLIT: 4 1.194F-01
DEPENDENCIES: 54 1

REQ. BRANCHES: 1
'

DESCRIPTION: DRY-CCI
CASE / BRANCH SPLIT: 1.194E-01 0.000E+00

,

!

CASE NUMBER / SPLIT: 5' 1.266E-02
DEPENDENCIES: _ '62 3 3 3 3 3 7

5) *( 1REO. BRANCHES: 2 *((- 3 + 4 + 6) +( 1 + ,

| EESCRIPT'.ON: LG BURN OTHER TYP CRIT ATVS OTHERS SB0 LOOP & SB PRI'
,

CASE / BRANCH SPLIT:
~

4.271F.-04 1.203E-02j_
k- CASE NUMBER / SPLIT: ~6- 7.006E-01 :

-DESCRIPTION: OTHERVISE $ BYPASS PROB FOR SEQUENC

H.4.- 61 '
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CASE / BRANCH SPLIT: 6.793E-05 7.005E-01 g
i W :

9
.

i

|

|

|

.

O
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*w**********************+***********************************************g-')
** MARK III/BVR 6 MAAP 3.0B PARAMETER FILE 07-4 **

( ,/
**** ______________________.________________

** PERRY POVER PLANT **

****

** 17Febl992 **

** **

**********************y****************************A********************
****

** ARRANGED TO VORK VITH MAAF ' 3.0B REV 7.02PR **

** MAAP72PY rXP **

** BRITISH UNITS: FT-LS-HR_DEC F **

****
_

** ALL ELEVATIONS ARE REFERENCED TO SEA LEVEL UNLESS OTHERVISE NOTED. **
****

4,**********************************f-***********************************1

f*

*BR
**

****************************************************t**************************

* ADDITIONAL ENGINEERED SAFEGUARDS
***********************************<*******************************************
**

** _______________
** INJECTION LOGIC
** -_-__._________() **

01 60.0 ZEHPCI ELEVATION OF HIGH DOVNCOMER VATEh LEVEL TO TRIP OFF
** HPCI
02 651.95 ZHRCIC ELEVATION OF HIGH D0VNCOMER VATER LEVEL TO TRIP OFF
** RCIC @ 200 inches
03 651.95 ZHHPCS ELEVATION OF HIGH D0VNCOMER WATER LEVEL TO TET? 0FF
** HPCS @ 200 inches
04 651.95 ZVSHCD DESIRED VATER LEVEL FOR CONTR0 LING HPCI & RCIC FLOV

~

** TO BE USED VITH EVENT CODE ( 295 ) 0 200 :nches
**

05 0.34D6 PLIMSP(1) TABLE FOR HEAT CAPACITY TEMPERATURE LIMIT CURVE ( HCTL )
06 0.34D6 PLIMSP(2)
07 0.41D6 PLIMSP(3)
08 0.69D6 PLIMSP(4) SET POINT OF THE FIRST GROUP SRVS
09 1. 7 9r .- PLIMSP(5)
10 3.10D6 PLIMSP(6) VS.
11 4.83D6 PLIMSP(7)
12 7.42D6 PLIMSP(8) SUl!RESSION POOL TEMPERATURE
13 3.78D2 TLIMSP(1)
14 3.67D2 TLIMSP(2)
15 3.64D2 TLIMSP(3) NORMALLY HIGH SET POINT IS SPECIFIED FOR LOV SP
16 3.61D2 TLIMSP(4) TEMPERATURE AND LOV SET POINT IS SPECIFIED FOR
17 3.55D2 TLIMSP(5) HIGH SP TEMPERATURE.
18 3.50D2 TLIMSP(6)
19 3.44D2 TLIMSP(7),_s

[
.

20 3.37D2 TLIMSP(8)
% **

21 62.0 ZHFV HIGH VATER LEVEL TO TRIP FEEDVATER
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-t

** USE OF THIS SET POINT IS QUESTIONABLE F3R CURRENT
-

**- MAA? 3.0B REV 7 BECAUSE THE VAY FEEDVATER FLOV IS
** CALCULATED ENSURES THE VATER LEVEL TO STAY AT TPE
** NORMAL OPERATING LEVEL, 'ZVSHO'
**

** ----

** RVCU
** ----
**

22 3.0 NRVCU NUMBER OF REACTOR VATER CLEANUP PUMPS ( 0.0 - 4.0, 3.0 )
23 0.43 VVRVCU CONSTANT RVCU VOLUMETRIC FLOV RATE FOR EACH PUMP
** ( 0.41 - 0.44, 0.43)

'
24 0.0 TDRVCU TIME DEL \Y FOR RVCll On JATION ONCE AN IN1IIATION SIGNAL
** RECEIVED ( 0.0 - 30.0, 0.0 )
25 1000. NTRCHX NUMBER OF TUBES IN ONE RVCU HEAT EXCHANGER
** ( 0.0 - 3000.0, 1000 )
26 10. NBRCHX NUMBER OF BAFFLES IN ONE RVCU HEAT EXCHANGER
** ( 0.0 - 15.0, 10. )

27 0.01656 XIDTRC nVCU HEAT EXCHANGER TUBE INNER DIAMETER
** ( 0.0 - 0.0254, 0.01656 )

28 0.001245 XTTRC RVCU HEAT EXCHANGER TUBE VALL THICKNESS
- ** ( 0.0 - 1.65D-3, 1.245D-3 )

29 0.0254 XTCRC RVCU HEAT EXCHANGER TUBE CENTER TO CENTER SPACING
** ( 0.0 - 0.032, 0.0254 )

30 6.518- XSRC RVCU HEAT EXCHANGER SHELL LFNGTH( 0.0 - 16.2, 6.518 )
31 3.522D-4 RGFRC RVCU HEAT EXCHANGER FOULING FACTOR
** ( 0.0 - 1.0D-3, 3.522D-4 )

32 17.3 KTRC RVCU HEAT EXCHANGER TUBE VALL THERMAL CONDUCTIVITY
** ( 0.0 'J.0, 17.3 ) -

33 0 31 XBCRC RVCU HEAT EXCHANGER v.FFLE CUT LENGTH ( 0.0 - 0.5, 0.31 )
34 1.S'494 XIDSRC RVCU HEAT EXCHANGER SHELL INNER DIAMETER
** ( 0.0 - 2.0, 1.5494 )

35 0. 0. XSTRC RVCU HEAT EXCHANGER BUNDLE TO SHELL GAP LENGTH
~

** ( 0.0 - 0.05, 0.02 )

36 0.0 IFTURC NTU FOR HEAT EXCHANGER ( 0.0 -_1.5, 0.0 ) **APL'
37 2.0 FRCHX TYPE OF RVCU HEAT EXCPANGER( 1.0 - 2.0, 2.0 )

,

** 1 - STRAIGHT TUBE, 2 - U TUBE
38 0.0 ZLRVCU RVCU TRIP OFF LEVEL
**

**

** --------------

** DRYVELL COOLER
** .-------------
**

39 3.0 NFN NUMBER OF DRYVELL COOLERS ( 3 )
40 20.0 VVFN0 VOLUMETRIC FLOV RATE OF EACH DRYVELL COOLER ( 20 )
41 5.0 TDFAN TIME DELAY FOR DRYVELL COOLERS ( 5 )
42' 1200. NTFC NUMBER OF TUBES IN EACH DRWELL COOLER ( 1200 )
43 180. ATFC OUTSIDE AREA 0F ALL TUBES IN EACH DRWELL COOLER ( 180 )
44 1500. AFINFC AREA 0F ALL FINS IN EACH DRYVELL COOLER ( 1500 )
45 0.5 FFINFC DRWEJ t COOLER FlN EFFICIENCY ( 0.5 )
46 0.001 RGFLHX DRYVELL COOLER INSIDE FOULING FACTOR ( 0.001 ) *-

47 0.05 XDFNFC DRYVELL COOLER FIN DIAMETER ( 0.05 )
48 0.001 XTTFC DRWELL COOLE TUBE THICKNESS ( 0.001 )
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|
|
|

/~'y 49 240.- LKTFC DRYVELL COOLER THERMAL CONDUCTIVITY ( 240 )
-( l' 50 10. AFLMNF- MINIMUH FLOV AREA THROUGH DRYVELL COOLER ( 10 )

51 0.015 XIDTFC DRYVELL COOLLER TUBE INSIDE DIAMETER ( 0.015 )
52 5.0 NREGFC NUMBER OF NODES USED TO MODEL EACH DRYVELL COOLER ( 5 )
53 310. TCVHX INLEl COOLING VATER. I.E. SERVICE VATER TEMPERATURE TO
** DRYVELL C001.Eh ( 310 )
54 110. VCVFC INLET COOLING VATER FLOV RATE TO EACH DRYVELL COOLER
** ( 110 )
55 8.D5 PHDVDC HIGH DRYVELL, PRESSURE TO TRIP DRYVELL COOLER ( 8.D5 )
**

************A***********************************************************

* AUX BLDG / REACTOR B'.DG INPUT
************************************************************************
**

**A MAXIMUM OF 9 N0 DES CAN BE REPRESENTED--THE NO. OF NODES IN0DRB IS GIVEN
**IN THE * CONTROL SECTION--NOTE THAT N0DE IN0DRB+1 IS THE FP/IRONMENT BUT
**NO INFORMATION NEED BE ENTERED FOR IT

*THE FOLLOVING-ARE MODELED AT PRESENT:
*h *
** 1. ' VATER OVERFLOVS--THE SAME JUNCTIONS ARE USED AS IN THE GAS TRANSFERS
** AND ARE SPECIFIED IN THE * TOPOLOGY SECTION BELOV; NOTE THAT ENTERING
** A ONE IN THE APPROPRIATE ST0T MODELS FLOOR DRAINS VHICH INSTANTLY

_

** DRAIN ALL ACCUMULATED VATER AVAY
** 2. H2 BURNS
** 3. CO2 FIRE SUFFRESSION SYSTEMS

- **~ 4. SFRAYS-

.[) ** 5. NATURAL CIRCULATION, BOTH UNIDIRECTIONAL AND COUNTER-CURRENT
'-- ** 6. TVO HEAT SINKS /N0DE-- ONE HEAT SINK REPRESERTS AN " OUTER" VALL VHICH

**- HAS THE NODE-IN OUESTION ON 0NE SIDE AND A USER-SPECIFIED NODE ON
THE OTHER SIDE; THE OTHER HEAT SINK REPRESENTS AN " INNER" VALL VHICH**

** HAS THE NODAL GAS TEMPERATURE ON BOTH-SIDES.
*>
01 63359. VOLRB(I) VOLUME OF N0DE 1
02 68440. VOLRB(I) VOLUME OF N0DE 2
03 ~59780. VOLRB(I) VOLUME OF NODE 3
04 735800. VOLRB(I) VOLUME OF NODE 4
05 629200. VOLRB(I) VOLUME OF NODE 5
06. 300800. VOLRB(I) VOLUME OF N0DE 6
07 281500. VOLRB(I) VOLUME OF NODE 7
08 153400. VOLRB(I) VOLUME OF NODE 8
09 5096200. VOLRB(I) VOLUME OF NODE 9
**

FLOOR AREA ARE USED BOTH FOR VATER DEPTH AND TO REPRESENT CHARACTERISTIC**
** DIMENSION.0F COMPT FOR BURP TIMES
**

11 1600. FLOOR AREA-FOR NODE 1
12 1600. FLOOR AREA FOR N0DE 2
13 1920. FLOOR AREA FOR NODE 3
14- 17100. FLOOR AREA FOR N0DE 4
15 9800. FLOOR AREA FOR N0DE 5
16 9200, - FLOOR AREA FOR NODE e

/ 17' 6000. FLOOK AREA FOR N0DE 7
(- / 18' 6850. FLOOR AREA FOR NODE 8

~19 32600. FLOOR AREA FOR N0DE 9
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**

AT PRESENT, ONLY ONE EXTERIOF VALL PER N0DE IS MODELED IN THE AUX CODE;**
,

! ** IE THE VALL HAS AUX CONDITIONS ON ONE SIDE AND THE ENVIRONMENT ON THE
** OTHER--EITHER A STEFL OR CONCRr:TE VALL CAN BE MODELED BY INPUTTING THE
** APPROPRIATE MATERIAL PROPERTIES

i **

! 21 3510. OUTER VALL AREA F0P N0DE 1
22 3150. OUTER VALL AREA FOR N0DE 2
23 1000. OUTER VALL AREA FOR NODE 3
24 19780. OUTER VALL AREA FOR NODE 4
25 7360. OUTER VALL AREA FOR NODE 5
26 12800. OUTER VALL AREA FOR N0DE 6
27 -14060. OUTER VALL AREA FOR N0DE 7
28 57040. OUTER VALL AREA FOR N0DE 8
29 59700. OUTER VALL AREA FOR NODE 9
**

31 3.2 THICKNESS OF OUTER VALL IN NODE 1,

! 32 3.2 THICKNESS OF OUTER VALL IN NODE 2
33 0.021 THICKNESS OF OUTER VALL IN N0DE 3
34 2.0 THICKNESS OF OUTER VALL IN N0DE 4
35 3.0 THICKNESS OF OUTER VALL IN NODE 5
36 2.43 THICKNESS OF OUTER VALL IN N0DE 6
'7 3.0 THICKNESS OF OUTER VALL IN N0DE 7

| 38 0.021 THICKNESS OF OUTER VALL IN N0DE 8
| 39 1.0 THICKNESS OF OUTER VALL IN N0DE 9

**

41 0.92 THERMAL CONDUCTIVIT'l 0F OUTER VALL IN N0DE 1
42 0.92 THERMAL CONDUCTIVITi 0F OUTER VALL IN NODE 2
43 27.0 THERMAL CONDUCTIVITY OF OUTER VALL IN NODU 3
44 0.92 THERMAL CONLUCTIVITY OF OUTER VALL IN NODE 4
45 0.92 THERMAL CONDUCTIVITY OF OUTER VALL IN NODE 5
46 0.92 THERMAL CONDUCTIVITY OF OUTER VALL IN N0DE 6
47 0.92 THERMAL CONDUCTIVITY OF OUTER VALL IN N0DE 7

| 48 27.0 THERMAL CONDUCTIVITY OF OUTER VALL IN-N0DE 8
'

49 0.032 THERMAL CONDUCTIVITY OF OUTER VALL IN NODE 9
**

51 0.12o SPECIFIC HEAT OF OUTER VALL IN N00E 1
52 0.156 SPECIFIC HEAT OF OUTER VALL IN N0DE 2

| 53 0.32 SPECIFIC HEAT OF OUTER VALL IN NODE 3
| 54 0.156 SPECIFIC HEAY OF OUTER VALL IN N0DE 4
i 55 0.156 SPECIFIC HEAT OF OUfER VALL IN N0DE 5

56 0.156 SPECIFIC HEAT OF OUTER VALL IN N0DE 6
57 0.156 SPECIFIC HEAT OF OUTER VALL IN NODE 7

| 58 0.12 SPECIFIC HEAT OF OUTER VALL IN N0DE 8
,

| 59 0.123 SPECIFIC HEAT OF OUTER VALL IN N0DE 9 I

**

61 25.1 OUTER VALL HEIGHT IN N0DE 1
62 25.7 OUTER VALL HEIGHT IN NODE 2
63 30.0 OUTER VALL HEIGHT IN N0DE 3 ;

64 43.0 OUTER VALL HEIGHT IF NODE 4
! 65 16.0 OUTER VALL HEIGHT IN N0DE 5 |

66 16.7 OUTER VALL HEIGHT IN N0DE 6
67 25.3 OUTER VALL HEIGHT IN NODE 7 |
68 110.0 OUTER VALL HEIGHT IN N0DE 8

|
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% 69 67.1 OUTER VALL HEIGHT IN N0DE 9
't **

71 145.0 OUTER VALL DENSITY IN N0DE 1
72 145.0 OUTER VALL DENSITY IN N0DE 2
73 490.0 OUTER VALL DENSITY IN NODE 3
74 145.0 OUTER VALL DENSITY IN N0DE 4
75 145.0 OUTER VALL DENSITY IN N0DE 5
76 145.0 OUTER VALL DENSITY IN NODE 6
77 145.0 OUTER VALL DENSITY IN N0DE 7
78 490.0 OUTER VALL DENSITY IN NODE 8
79 22.1 OUTER VALL DENSITY IN N0DE 9
**

** THE VENTILATION (OR "SGTS") SYSTEM IS MODELED SY SUPPLYING
** A FORCED OUT FLC'3 AND/0R A FORCED IN FLOV--IF AC POVER IS AVAILABLE,
** THIS FLOV IS ON UNTIL THE FIRE DAMPER SETPOINT(SEE DELOV) IS
** REACHED IN A COMPARTMENT--THIS SHUTS FLOV DOVN IN TilAT COMPT
** FOR RECIRCULATING FLOVS, ENTER THE APPROPRIATE NODE ON THE SUCTION
** SIDE IN FIELDS 161-169
**

81 00 VENTILATION FLOV OUT OF N0DE 1
82 0.0 VENTILATION FLOV OUT OF N0DE 2
83 0.0 VENTILATION FLOV OUT OF NODE 3
84 33.33 VENTILATION FLOV OUT OF NODE 4
85 33.33 VENTILATION FLOV OUT OF NODE 5
86 0.0 VERTILATION FLOV OUf 0F NODE 6
87 0.0 VENTILATION FLOV OUT OF NODE 7() 88 33.33 VENTILATION FLOV OUT OF NODE 8
89 0.0 VENTILATION FLOV OUT OF NODE 9"

**

91 0.0 VENTILATION FLOV INTO NODE 1
92 0.0 VENTILATION FLOW INTO N0DE 2
93 0.0 VEFTILATION FLOV INTO NOLE 3
94 0.0 VENTILATION FLOV INTO N0DE 4
95 0.0 VENTILATION FLOV INTO N00E 5
96 0.0 VENTILATION FLOV INTO N0DE 6
97 0.0 VENTILATION YLOV INTO N0DE 7
98 0.0 VENTILATION FLOV INTO N0DE 8
99 0.0 VEFTILATION FLOV INTO N0DE 9

q**

101 3200.0 AEROSOL SETTLING ARFA I'! NODE 1
102 3200.0 AEROSOL SETTLING ARCA IN N0DE 2
103 3840.0 AEROSOL SETTLING AREA IN NODE 3
104 18810.0 AEROSOL SETTLING AREA IN N0DE 4
105 19600.0 AEROSOL SETTLING AREA IN NODE 5 >

106 18400.0 AEROSOL SETTLING AREA IN N0DE 6
197 12000.0 AEROSOL SETTLING AREA IN N0DE 7
103 13700.0 AEROSOL SETTLING AREA IN N0DE 8
109 65200.0 AEROSOL SETTLING AREA IN NODE 9
**

** AEROSOL IMPACTION DATA; IF IMPACTION IS MODELED IN A N0DE, THE
IMPACTION AREA, DIAMETER (EG., GRATE THICKNESS), AND FLOV AREA MUST**

** ALL BE GIVEN(
N- **

111 135.5 AEROSOL IMPACTION AREA IN NODE 1
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112 135.5 AEROSOL IMPACTION AREA IN NODE 2 i

113 0.0 AEROSOL IMPACTION AREA IN NODE 3 || |

114 0.0 AEROSOL IMPACTION AREA IN N0DE 4 j

115 110.0 AEROSOL IMPACTION AREA IN N0DE 5 !

|
116 0.0 AEROSOL IMPACTION AREA IN N0DE 6
117 0.0 AEROSOL IMPACTION AREA IN NODE 7
118 0.0 AEROSOL IMPACTION AREA IN N0DE 8
119 0.0 AEROSOL IMPACTION AREA IN N0DE 9
**

** CHECK--THESE DIAMETERS ARE TOO LARGE FOR GRATING AND VON'T REMOVE VERY
** EFFICIENTLY
121 .0324 AEROSOL IMPACTION DIAMETER IN NODE 1
122 .03*4 AEROSOL IMPACTION DIAMETER IN NODE 2e

123 0.0 AEROSOL IMPACTION DIeMETER IN NODE 3
124 0.0 AEROSOL IMPACTION DIAMETER IN N0DE 4
125 .0324 AEROSOL IMPACTION DIAMETER IN N0DE 5
126 0.0 AEROSOL IMPACTION DIAMETER IN N0DE 6
127 0.0 AEROSOL IMPACTION DIAMETER IN NODE 7
128 0.0 AEROSOL IMPACTION DIAMETER IN N0DE 8
129 0.0 AEROSOL IMPACTION DIAMETER IN NODE 9
+*
131 429.5 FLOV AREA Al GRATING ELEV. IN N0DE 1

|

132 429.5 FLOV AREA AT GRATING ELEV. IN N0DE 2'

133 0.0 FLOV AREA AT GRATING ELEV. IN NODE 3
134 0.0 FLOV AREA AT GRATING ELEV. IN NCEE 4-
135 1320.G FLOV AREA AT GRATING ELEV. IN NJDE 5
136 0.0 FLOV AREA AT GRATING ELEV. IN N0DE 6
137 0.0 FLOV AREA AT GRATING, ELEV. IN N0DE 7

138 0.0 FLOV AREA AT GRATING ELEV. IN N0DE 8
139 0.0 FLOV AREA AT GRATING ELEV. IN NODE 9
**

SPRAYS (EG FIRE SPRA~/S)--THESE ARE TURNED ON AND CFF MANUALLi USING**

** EVENT CODE 240; THEY VILL ALSO COME ON IF THE NODAL TEMPERATURE
** EXCEEDS THE SETPOINT VALUE INPUT BELOV
**

141 0.0 SPRAY MASS FLOV RATE IN N0DE 1
142 0.0 SPRAY MASS FLOV RATE IN N0DE 2
143 0.0 SPRAY HASS FLOV RATE IN NODE 3
144 0.0 SPRAY MA5S FLOV RATE IN N0DE-4
145 4812.4 SPRAY MASS FLOV RATE IN N0DE 5
**NON-SPRAY FLOV POURED ON CABLE TRAYS NEGLECTED FOR CONSERVATISM
146 0. SPRAY MASS FLOV RATE IN NODE 6
147 4812.4 SPRAY MASS FLOV RATE IN N0DE 7
148 0.0 SPRAY MASS FLOV RATE IN NODE 8
149 24062. SPRAY MASS FLOV RATE IN NODE 9
**

151 0.0 SPRAY FALL HEIGHT IN N0DE 1
152 0.0 SPRAY FALL HEIGHT IN N0DE 2
153 0.0 SPRAY FALL HEIGHT IN N0DE 3
154 0.0 SPRAY FALL HEIGHT IN N0DE 4
155 16.0 SPRAY FALL CEIGHT IN N0DE 5
156 0.0 SPRAY FALL HEIGHT IN N0DE 6'

-

157 22'.6 SPRAY FALL HEIGHT IN NODE 7 [ SMALLEST USED]

158 0.0 SPRAY FALL HEIGHT IN NODE 8
,

'
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159 18.0 SPRAY FALL llEIGHT IN NODE 9

O **

SPECIFY THE N0DE NO. THAT THE VOL IN NODE 1, 2, ETC., RECEIVES ITSi **

INLET VENT FLOV FROM; USE IN0DRB+1 FOR ENVIRONMENT VHERE IN0DRB IS**

i
** NO. OF N0 DES IN THE MODEL: USE SMALLER NOS. IF A RECIRCULATING SYSTEM

EXISTS (IE TAKES FROM NODE 1 AND PUTS INTO NODE 4)**-

**

161 10. INLET VENT FLOV SOURCE NODE FOR NODE 1
162 10. INLET VENT FLOV SOURCE NODE FOR NODE 2
163 10. INLET VENT FLOV SOURCE NODE FOR N0DE 3
164 10. INLET VENT FLOV SOURCE NODE FOR NODE 4
165 10. INLET VENT FLOV SOURCE NODE FOR NODE 5
166 10. INLET VENT FLOV SOURCE N0DE FOR NODE 6
167 10. INLET VENT FLOV SOURCE N0DE FOR NODE 7
168 10. INLET VENT FLOV SOURCE NODE FOR N0DE 8
169 10. INLET VENT FLOV SOURCE N0DE FOR N0DE 9
**

ENTER A ONE TO INSTANTI.Y DRAIN ALL VATER FROM N0DE; THIS IS CONVENIENT**

IF THE BLDG HAS AN EFFICIENT DRAIN SYSTEM THAT PUTS ALL THE VATER INTO**

** A LARGE SUMP (EG SEQUOYAH)
**

171 0.0 INSTANT DRAIN PARAMETER FOR NODE 1
172 0.0 INSTANT DR.'.IN PARAMETER FOR N0DE 2
173 0.0 INSTANT DRAIN PARAMETER FOR N0DE 3
174 0.0 INSTANT DRAIN PARAME1ER FOR NODE 4
175 0.0 INdTANT DRAIN PARAMETER FOR NODE 5
176 0.0 INSTANT DRAIN PARAMETER FOR N0DE 6
177 0.0 INSTANT DRAIN PARAMETER FOR N0DE 7
178 0.0 INSTANT DRAIN PARAMETER FOR N0DE 8
179 0.0 INSTANT DRAIN PARAMETER FOR NODE 9
**

181 -29.5 ELEV. OF FLOOR OF N005 1 VITH RESPECT TO GROUND LEVEL
182 -29.5 ELEV. OF FLOOR OF N0DE 2 VITil RESPECT TO GROUND LEVEL
183 18.0 ELEV. OF FLOOR OF NODE 3 UITH RESPECT TO GROUND LEVEL
184 18.0 ELEV. OF FLOOR OF NODE 4 VITH RESPECT TO GROUND LEVEL
185 -25.0 ELEV. OF FLOOR OF N0DF 5 VITH RESPECT TO GROUND LEVEL
186 25.0 ELEV. OF FLOOR OF NODE 6 VITH RESPECT TO GROUND LEVEL
187 -29.5 ELEV. OF FLOOR OF NODE 7 VITH RESPECT TO GROUND LEVEL
188 -29.5 ELEV. OF FLOOR OF NODE 8 VITH RESPECT TO GROUND LEVEL
189 -25.0 ELEV. OF FLOOR OF N0DE 9 VITH RESPECT TO GROUND LEVEL
**

CO2 MASS FLOVRATE FROM PIRE SUPPRESSION SYSTEM, IF ANY; THIS Si' STEM IS**

ACTIVATED IF THE NODAL GAS TEMP EXCEEDS THE SETPOINT SPECIFIED BELOV**

**

**

*+

**

191 0.0 CO2 MAS! FLOV RATE FOR N0DE 1
192 0.0 CO2 MASS FLOV RA'id FOR NODE 2
193 0.0 CO2 MASS F' 0V RATE FOR NODE 3
194 0.0 CO2 MASS FLOV RATE FOR NODE 4
195 0.0 CO2 MASS FLOV RATE FOR NODE 5O 196 0.0 CO2 MASS FLOV RATE FOR NODE 6
197 0.0 CO2 MASS FLO'w' RATE Fi1R NODE 7
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198 0.0 CO2 MASS FLOV RATE FOR NODE 8
199 0.0 CO2 MASS FLOV RATE FOR N0DE 9
**

201 9135.0 AREA 0F INTERNAL VAL 1.5 FOR N0DE 1
202 9135.0 AREA 0F INTERNAL VALLS FOR N0DE 2
203 5550.0 AREA 0F INTERNAL VALLS FOR NODE 3
204 10500.0 AREA 0F INTERNAL VALLS FOR NODE 4
205 58660.0 AREA 0F INTERNAL VALLS FOR NODE 5
206 5700.0 AREA 0F INTERNAL VALLS FOR NODE 6
207 14600.0 AREA 0F INTERNAL !! ALLS FOR N0DE 7
208 40600.0 AREA 0F INTERNAL VALLS FOR N0DE 8
209 229750.0 AREA 0F INTERNAL VALLS FOR N0DE 9
**

211 1.64 THICKNESS OF INTERNAL VALLS FOR N0DE 1
212 1,64 THICKNESS OF INTERNAL VALLS FOR N0DE 2
213 2.12 THICKNESS OF INTERNAL VALLS FOR NODE 3
214 1.50 TilICKNESS OF INTERNAL VALLS FOR NODE 4

~215 2.01 THICKNESS OF ItFfERNAL VALLS FOR N0DE 5
216 1.72 THICKNESS OF INTERNAL VALLS FOR N0DE 6
217 1.62 THICKNESS OF INTERNAL VALLS FOR NODE 7
218 1.76 THICKNESS OF INTERNAL VALLS FOR NODE 8
219 2.30 TilICKNESS OF INTERNAL VALLS FOR NODE o
**

221 0.92 THEPHAL CONDUCTIVITY OF INTERNAL VALLS IN NODE 1
222 0.92 THERMAL CONDUCTIVITY OF INTERNAL VALLS IN N0DE 2
223 0.92 TiiERMAL CONDUCTIVITY OF INTERNAL VALLS IN N0DE 3
224 0.92 THERMAL CONDUCTIVITY OF INTE;'NAL VALLS IN NODE 4 &
225 0.92 THERMA!. CONDUCTIVITY OF INTERNAL VALLS IN NLDE 5 W
226 0.92 THERMAL CONDUCTIVITY OF INTERNAL VALLS IN N0DE 6
227 0.92 THERMAL CONDUCTIVITY OF INTERNAL VALLS IN NODE 7
228 0.92 TilERMAL CONDUCTIVITY OF INTERNAL VALLS IN N0DE 8
229 -0.92 THERMAL CONDUCTIVITY OF INTERNAL VALLS IN N0DE 9
**

231 0.156 SPECIFIC HEAT OF INTERNAL VALLS IN N0DE 1
232 0.156 SPECIFIC HEAT OF IPTERNAL VALLS IN N0DE 2
233 0.156 SPECIFIC 11 EAT OF INTERNAL VALLS IN NODE 3
234 0.156 SPECIFIC HEAT OF INTFRNAL VALLS IN NODE 4
235 0.156 SPECIFIC HEAT OF INTERNAL VALLS IN N0DE 5
236 0.156 SPECIFIC HEAT OF INTERNAL VALLS IN N0DE 6
237 0.156 SPECIFIC HEAT OF INTERNAL VALLS IN NODE 7
238 0.156 SPECIFIC HEAT OF INTERNAL VALLS IN N0DE 8
239 0.156 SPECIFIC HEAT OF INTERNAL VALLS IN N0DE 9
kk

241 22.5 HEIGHT OF INTERNAL VALLS IN NODE 1
242 22.5 HEIGHT OF INTERNAL VALLS IN N0DE 2
243 41.9 HEIGHT OF INTERNAL VALLS IN NODE 3
244 43.0 HEIGHT-OF INTERNAL VALLS IN NODE 4
245 24.9 HEIGHT OF INTERNAL VALLS IN NODE 5
246 17.6 ' HEIGHT OF INTERNAL V/1LS IN N0DE 6
'247 25.3 HEIGHT OF INTERNAL VALLS IN N0DE 7
248 24.0- HEIGHT OF INTERNAL Vf.LLS IN N0DE 8
249 18.5 HEIGHT OF INTERNAL VALLS IN BODE 9
**

251 145.0 DENSITY OF INTERNAL VALLS IN NODE 1

.
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'I/'"jo 252 145.0 DENSITY OF INTERNAL VALLS IN N0DE 2
f (,,/f 253 145.0 DENSITY OF. INTERNAL VALLS IN N0DE 3

254 1145.0 DENSITY OF INTERNAL VALLS IN NODE 4
255 -145.0= DENSITY OF INTERNAL VALLS IN NODE 5
256 145.0 DENSITY OF INTERNAL VALLS IN NODE 6
257- 145.0- DENS?TY OF INTERNAL VALLS IN N0DE 7
258 145.0 DENSITY OF INTERNAL:VALLS IN N0DE 8
259 145.0 DENSITY OF INTERNAL VALLS IN NODE 9
**

** USE IN0DRB+1 FOR ENVIRONMENT VHERE INODRB I3 NO. OF NODES IN THE MODEL
** USE SMALLER NOS.'IF AN OUTER VALL IN NODE 1 HAS A DlFFERENT N0DE CN THE
** 'OTHER SIDE; NOTE FOR VALLS THICKER THAN ROUGHLY 1-2 FEET, THE THERMAL
** BOUNDARY LAYER DOESN'T PENETRATE THE VALL OVER THE TIME OF TYPICAL
** TRANSIENTS AND ONE CAN FREELY LUMP VALLS VITH DIFFERENT N0 DES ON THEIR
** .0THER.SID"a
**

261 8.0 N0DE # ON OTHER SIDE OF OUTER VALLS OF N0DE 1
262 8.0- N09E # ON OTHER SIDE OF OUTER VALLS OF N0DE 2
263' 9.0 NODE # ON OTHER SIDE OF OUTER VALLS OF N0DE 3
264 10.0 N0DE # ON OTHER SIDE OF OUTER VALLS OF NODE 4
265 10.0 N0DE # ON OTHER SIDE OF OUTER VALLS OF NODE 5
266 9.0 NODE # ON OTHER SIDE nF OUTER VALLS OF NODE 6
267 9.0- N0DE # ON GTHER SID6 0F OUTER VALLS OF NODE 7
268 10.0 N0DE # ON OTHER SIDE OF OUTER VALLS OF N0DE 8
269 10.0 N0DE # ON OTHER SIDE OF OUTER VALLS OF N0DE 9
**rg

' T 'L 271- 1.D10 TOTAL INIT. HASS OF H2O AVAILABLE FOR FIRE SPRAYS [ LAKE]
'' 272 0.0- TOTAL INIT. MASS OF CO2 IN FIRE SUPP. SYSTEM

273 90.0 INITIAL iEMPERATURE OF AUX. BLDG.
274 90.0 AUX BLDG. SPRAY VATER TEMPERATURE [ ASSUMED LAKE]
275 .003 -AUX BLDG.. SPRAY DROPLET DIAMETER ~
276 .50 INITIAL REL. HUMIDITY IN AUX. BLDG. COMPARTMENTS

-277 90.0 ENVIRONMENT TEMPERATURE [ ASSUMED]
278 14.7 ' ENVIRONMENT / AUX BLDG. FRESSURE

-279 1.D10- FIRE DAMPER' ACTIVATION TEMPERATURE [ NOME)
280 212. FIRE SPRAY-ACTIVATION TEMPERATURE [ HIGHEST USED]

J281 1.D10 CO2 INJECTION ACTIVATION TEMPERATURE
282 l'.D10 TOTAL AEROSOL MASS TO TEAR OUT-SGTS FIL1ERS
283 100.0 SGTS FILTER DF
"*0@@ REV 6 ADDITION FOR HYDROGEN COMBUSTION (TEMPORARY.IPPUT)
284' 6.2 XRBRRB(1) CHARACTERISTIC RADIUS OF N0DE 1 FOR H2 BURNS
285 7.8 ' NODE 2
286 4.2 N0DE-3
287- 20.8 N0DE 4
-288 10.1 -NODE 5
289' 14.7 NODE 6
;29C '14.5 NODE 7
'291 7.5 N0DE.8
292. 24 . NODE 9.

****

.294 6.1 XHBRRB(1) CHARACTERISTIC HEIGHT OF N0DE 1 FOR H2 BURNS

L[N )|-
\ '**** THIS IS FLOOR TO CEILING (NOT IGNITER TO CEILING)

~ 295: 202.- N0DE 2
296- 25.7 NODE 3

,
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297 17.3 NODE 4

298 8.5 NODE 5

299 6.1 NODE 6

300 6.1 NODE 7

301 4.0 NODE 8

302 14.2 NODE 9
****

304 0.D0 XIGRB AVERAGE DISTANCE FROM IGNITERS TO CEILING
305 0.D0 N0DE 2
306 0.D0 NODE 3

307 0.D0 F0DE 4
308 0 D0 N0DE 5
309 0.D0 NODE 6

310 0.D0 NODE 7

311 0.D0 NODE 8

312 0.00 N0DE 9
**

************************k********4************wA************************
*COMPTA (MARKIII-MIDDLE VETVELL COMPARTMENT)
***********************************9a***********************************
01 620.5 ZCAF ELEVATION OF ECU DECK

02 170900. VOLCA VOLUME OF COMPARIMENT A

03 .50 RELHCA RELATIVE fiUMIDITY IN COMPT. A
04 4000. ACAF AREA 0F C'JMPT.-A FLOOR

05 2534. ACACB FLOV AREA BETVEEN COMPT. A AND COMPT. B

06 3900. AVVCA FLOV AREA BETVEEN VETWELL AND COM?T. A

07- 620.5 ZVCAVV CURB HEIGHT ON MIDDLE DECK | h-
08 3.060 PPUR(1) HYDROGEN MIXING COMPRESSOR FLOV CURVE:

09 4.071 PPUR(2) - PRESSURE

10 4.941 PPUR(3)
11 6.149 PPUR(4)
12 6.668 PPUR(5)
13 7.159 PPUR(6)
14 7.300 PPUR(7)
15 7.412 PPUR(P)
16 47400. UVP'!?t,l'j - FLOV

17 43300. VVPUR(2)
18 43500. VVPUR(3)
19 39600. VVPUR(4)
20 34800. VVPUP ',5)
21 29700. V!!uR(6) r

22- 20400. VVPUR(7)
23 17200. VVPUR(8)
24 2 .NPURP NUMBER OF HYDROGEN MIXING COMPRESSORS

25 -1.E10 ZLPUR LOV VATER (LOCA) SIGNAL FOR DRYVELL PURGB

26 1~.E10 POVPUR HIGH DRYVELL PRESSURE (LOCA) FOR DRYVELL PURGE
PRESSURE DIFFERENTIAL SET POINT FOR DRYWELL PURGE

s

27 1.E10 PDPUR

28 .00833 TDPUR TIME DELAY FOR DRYVELL PURGE

29 13 NIGCA NUMBER OF IGNITERS IN THE COMPT A

30 22.5 XIGCA AVERAGE DISTANCE FROM FLOOR TO IGNITCR
NUMBER OF IGNITERS IN VETVELL SEEN BY COMPT, A

31 10 NIGBCA

33 '5828. ASEDCA AEROSOL SEDIMENTATION AREA

34 1200. AIMPCA COMPT A TOTAL IMPACTION AREA
COMPT A MINIMUM GRATE DIAMETER (OR THICKNESS)35 .0208 XDIMCA
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y~ 36. 2260. AGRACA. COMPT A Fl.0V AREA THRU GRATE
" =

37 .0 NH00PA NUMBER OF TENDONS IN HOOP DIRECTION
' ' 38 .0 XTREHA VOLUME OF REBAR PER UNIT AREA 0F OUTER VALL |

-39 .0 XTREZA VOLUME OF REBAR PER UNIT AREA 0F OUTER VALL
'

40 .0 XDHOPA DI AMETER CF HOOP TENDONS
41 .0 ? ACYL HEIGHT OF THE CYLINDRICAL PART OF COMPT A VALL
42 .0 XDZFA DISPLACEMENT IN AXIAL DIRECTION
43 .0 XDRPA SAME AS 42 FOR THE RADIAL DIRECTION
44 29.4 XRBRCA CHARACTERISTIC RADIUS OF COMP A FOR H2 BURNS
45 69. XHBRCA CHARACTERISTIC HEIGHT OF COMP A FOR H2 BURNS ;
** THIS IS FLOOR TO CEILING
**

*te h******************************WA******************-(****************

*COMPTB (MARKIII-UPPER VETVFLL COMPARTMENT)
***********************************e************************************

01 689.5 ZCBF ELEVATION OF OPERATING DECK
02 823640. VOLCB VOLUME OF COMPT. B
03-- .50 RELHCB RELATIVE HUMIDITY IN COMPT.B |

04 689.5 ZVCBVV- ELEVATION AT THE TOP OF THE UPPER DECK CURB
05- 3427. AVCB UPPER POOL VATER SURFACE APEA
06. .0 PCPUR(1) CONTAINMENT PURGE FAN CURVE:
07. .0 PCPUR(2)
08 .0 PCPUR(3)
09 .0 PCPUR(4) ,

10 .0- PCPUR(5)-
11 .0 PCDUR(6)

,]\- ?? .0 PCPUR(7)
13. .0 PCPUR(8)
14 .0 VVCPUR(1)
IS .0 VVCPUR(2)

'

16- .0 VVCPUR(3)
17 .0 VVCPUR(4)

-18 .0 VVCPUR(Si
'

19 .0 VVCPUR(6)
20 .0 VVCPUR(7)

-21
.

,0 VVCPUR(8)
' 22- 32830. VOLUPD VOLUMS OF VATER IN UPPER POOL DUMP
23 636.483 ZLUFD LOV VATER L1 (LOCA) SIGNAL FOR UPPER POOL DUMP
24 16.58 PDVUPD HIGH DRYVELL PRESSURE (LOCA) FOR UPPER POOL DUMP
25' .1445 TDDUMP TOTAL TIME FOR UPPER POOL DUMP
261 .5088 1DUPD TIME DELAY FOR-UPPER POOL DUMP
27 667.343 ZCBF1 EFFECTIVE ELEVATION OF UPPER POOL FLOOR
28 39960. VLAUPD VOLUME OF VATER IN UPPER P0OL AFTER UPPER POOL DUMP
29 47 NIGCB NUMBER OF IGNITERS IN THE COMPT B
30 '13.8 XIGCB AVERAGE DISTANCE FROM FLOOR TO IGNITER
31 13 NIGBCB NUMBER OF. IGNITERS IN COMPT A SELN IN COMPT B-

-33 10000. ASEDCB AEROSOL SEDIMENTATION AREA
950. AIMPCB COMPT B TOTAL IMPACTION AREA

i .0208 XDIMCB COMPT B MINIMUM GRATE DIAMETER (CR THICKNESS)
9- 1695. AGRACB COMPT B FLOV AREA THRU GRATE

- Yi .0 NH00PB NUMBER OF-TENDONS IN HOOP DIRECTION

- "'f 38 .0 XTREHB VOLUME OF REBAR PER UNIT AREA 0F OUTZE VALL
- A[m;/ - 39 .0- .XTREZB VOLUME OF REBAR PE2 UNIT AREA 0F OUTER WALL

40 .0 XDHOPB DIAMETER OF HOOP TENDONS -
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41 .0 ZBCYL HEIGHT OF THE CYLINDRICAL PART
42 .C .XDZFB- DISPLACEMENT IN AXIAL DIPECTION
43 .0 XDRFB SAME AS 42 FOR THE RADIAL DIRECTION
44 61.6 XRBRCB CHARACTERISTIC RADIUS OF COMP B FOR H2 BURNS
45 67 5 XHBRCB CHARACTERISTIC HEIGHT OF COMP B FOR H2 BURNS
** THIS IS FLOOR T9 CEILING
**

**k*****k+************w********************+************************f***

* CONCRETE PROPERTIES
***********************************?A***********************************

01 2420. TCNMP CONCRETE AVERAGE MELTING TEMP (SOLIDUS - LIQUIDUS)
,

| 02 501. LHDEC REACTICN ENERGY FOR CONCRETE DECOMPOSITION

l 03 215. LHCN LATENT HEAT FOR CONCRETE HELTING
04 .35800 FFCN/1) SIO2
05 .31300 MFCN(2) CAO

06 .03600 HFCN(3) AL203

| 07 .01220 MFed(*) K20
08 .00082 MFCN(5) NA20

09 .00690 MFCN(6) MG0+MN0+TIO2

10 .01440 HFCN(7) FEIO3 -> FE0+02
11 .0 MFCN(8) FE

12 .00014 MFCN(9) CR203
13 .04700 MFCN(10) H2O
14 .21154 MFCN(11) CO2
15 -0 MFCN(12) 02

i le 18. DCSRCN DENSITY OF REbAR IN CONCRETE
| 17 .20 CPCN0 SPECIFIC HEAT OF CONCRETE

** REMAINDER OF THE QUANTITIES ARE USED IN THE MARK III CONTAINMENT FAILURE
**MODEL AND NEED NOT BE SUPPLIED I*i THE " SIMPLE" MODEL IS USED

i. **(SEE VETVELL SECTION)
18 .0 PTEN ELASTIC YOUNGS MODULUS FOR TENDONS

19 .0 PEREB ELASTIC YOUNGS HODULUS FOR REBAR
20 .0 PEFTEN PLASTIC YOU3GS MODULUS FOR TENDONS
21 .0 PEPREB PLASTIC YObHGS MODULUS FOR REBAR
22 .0 PSSPH PRESTRESS ON HOOP TENDONS

| 23 .0 -PSSPZ "RESTRESS ON AXIAL TENDONS
24 .0 PSSYHT TENDON YIELD STRESS
25 .0 PSSYHR REBAR YIELD STRESS
26 .0 PSSFHT TENDON ULTIMATE STRESS

( 27 .0 PSSFUR REBAR ULTINATE STRESS
! 28 .0 PEL ELASTIC YOUNGS MODULUS FOR LINER

29 .0 PEPL PLASTIC YOUNGS MODULUS FOR LINER l

30 .0 PSSYHL LINER YIELD STPESS ,

.31 .0 PSSFHL LINER FAILURE STRESS
**

f I. ***********************f*************k**w**wk**h************************

* CONTROL CARDS
************************************************************************
01 3 IBVR CONTAINMENT TYPE (MARK 1,2, OR 3)

02 49 IRSTV UNIT NUMBER TO VRITE RESTART FILE (MAIN) |
l 03 50 IHUV UNIT NUMBER TO VRITE RESTART FILE (HEATUP)

'

,

04 40 IPOUT UNIT NUMBLR TO VRITE PROGRAM OUf 00T FILE 1
i

05 1 IPLT1 OPTION FOR PLTMAP VARIABLE LABEL LENGTH IN PLOT FILES
=1, USE AU F0KMAT (AS HAS BEEN IN TdE Pt.ST)**
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1

.

s **. ; 2, USE A15 FORMAT - MAX LENGTH OF ANY MAAP
e ** . COMMON BLOCK NAME.

06 3000 IPTSHX MAXIMUM NUMBER OF PLOTTED POINTS
07- 10 IPTSFK MAX 1 HUM NUtiBER OF PLOT POINTS TRACED FOR FULL
** SCALE SPIKE
08. 150 IPTSAV NUMBER OF POINTS SAVED FOR NON-CHANGING PLOT [ DUMMY)

' 09 0- ISUMM SUMMARY DATA (0=ALL EVENTS,1= SHORTER LIST)
10 14 ISUM SUMMARY FILE NUMBER
11 1 IRUNG !=1ST ORDER R-K,2=2ND ORDER R-K
12 1 IFREEZ 1=D0 FREEZE FRONT CALC. (0=NO CALC.)
13 12 INPGRP NUMBER OF TRACE G'iS TYPES (FISSION PRODUCTS)
14 0 IRET VRITE RETAIN PLOT FIL: (NOT USED)

'15 10 IFPPLT RETAIN PLOT FILE UNIT NUMBER (NOT USED)
25- 5 IH NUMBER OF RADIAL N0 DES
26 10- JH NUMBER OF AXIAL NODES
153 0 IINERT- 0=CONTAINHEnT NOT INERTED,1=CONTAINHENT INERTED

_

154 1 IILPCI LPCI INJECTION: 1= LOVER PLENUM, 0=DOVNCOMER
-155 0 .INODRB NUMBER OF REACTOR BLDG N0 DES
156' 113 IAUXV FILE TO VRITE AUX CODE INFO
157 0 IAUXR FILE TO READ AUX CODE INr0
327 1 JNTGRT =1: UTILIZE COPSISTENT TIMESTEPS BETVEEN
** DIFFUN (ICALL-3) AND INTGRT 6
** DIFFP (ICALL-3) AND INTEGFP
** =0: UTILIZE THE SMALLER TIMESTEP OF
** DIFFUN (ICALL-3) AND LIMITING VALUES IN INTGRT &
** DIFFP-(ICALL-3) AND LIMITING VALUES IN INTGFP

.J ) 328 0 ITDLIH =1: UTILIZE USER-IMPUT CRITICAL PARAMETERS
** IN DETERMIi4ING THL LIMITING IIMESTEP|':
** =0: UTILIZE ORIGINAL HARD-VIRED CRITICAL PARAMETERS

i

| 329 0 ISORT =1: SORT GUT INTEGRATION DIAGNOSTIC FIGURES OF MERIT
** FOR ALL THE THERMAL HYDRAULIC VARIABLES IN INTGRT
** IN AVERAGE FRACTIONAL CHANGES OF STATE VARIABLES &

' * * FREQUENCY OF SIGN CHANGES OF THEIR RATES
** =0: NO SORTING
336 0 IEMBAL =1: DO & PRINT OUT PRIMARY SYSTEM / CONTAINMENT
** MASS / ENERGY. BALANCES-
** -0: NO BALANCE

. .

33/L 0 ICRBAL =1: DO & PRINT OUT CORE C09E ENERGY EALANCE
** =0: NO BALANCSg
**

*****************s**************************************************w***

*DRYVELL.
*

***************************************************************hm*******

01- 40 RELHDV RELATIVE HUMIDITY IN DRYVELL
0?. 269900. VOLDV VOLUME.0F DRYVELL'
03 583.5 ZDVF ELEVATION AT DRYVELL FLOOR

'04 2449. ADVF AREA 0F DRYVELL FLOOR
05 599.00 ZEDWVV ELEVATION OF 7EIR VALL BETVEEN DRYVELL AND VETVELL
06- 8 NIGDV NUMBER OF INGITERS IN THE DRYVELL
07 62.4 XIGDV AVERAGE DISTANCE FROM FLOOR TO IGNITER

li.
09 -14851. ASEDDV AEROSOL SEDIMENTATION AREA
10 .017 ADVLEK DRYVELL LEAK AREA - FOR MI, MII & MIII

=_ / - 11 9618. AIMP7V DRYVELL TOTAL IMPACTION AREA-

12 .0208 XDIMDV DRYWELL HINIMUM GRt.TE DIAMETER (OR THICKNESS)
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13 17175. AGRADV DRYVELL FLOV AREA THRtl GRATE
14 3.08D-5 XDDROP SPRAY DROPLET DIAMETER FOR CONTAINMENT SPRAYS
15 .0 XHSPDV SPRAY FALL HEIGHT IN DRYVELL
16 .0 PCFAIL CONTAINHENT FAILURE PRESSURE ONLY FOR HI & MII
17 33.9 XRBRbV CHARACTERISTIC RADIUS OF DRYVELL FOR H2 BURNS
18 77.1 XHBRDV CHARACTERISTIC HCIGHT OF DRYVELL FOR H2 BURNS
** THIS IS FLOOR TO CEILING
*k

*****************************************4******************************

*EllGINEERED SAFEGUARDS
*****(,3*********w*******************************************************

| 01 1 NLPCII NUMBER OF RHR PUMPS IN L"CI LOOP 1

| 02 1 NLPCI2 NUMBER OF RHR PUMPS IN LPCI LOOP 2
03 1 NLPCI3 NUMBER OF RHR PUMPS IN LPCI LOOP 3
04 1 NLPCSP NUMBER OF LPCS PUMPS

05 .0 NOT USED

06 7980 VHNCST MIN. VATER VOLUME IN CST FOR HPCS/RCIC XFER
07 .01627 VVCST SPECIFIC VOLUME OF CST VATER
03 .0 PHPCI(1) HPCI PUMP FLOV CURVE - N/A AT PY
09 .0 PHPCI(2)
10 .0 PHPCI(3)
11' .0 PHFCI(4)
12 .0 PHPCI(5)

l 13 .0 PHPCI(6)
14 .0 PHPCI(7)
15 .0 PHPCI(8)
16 .0 VVHPCI(1)
17 .0 VVHPCI(2)

|

| 18 .0 VVHPCI(3)
19 .0 VVhPCI(4)
20 .0 VVHPCI(5)
21 .0 VVHPCI(6) '

22 .0 VVHPCI(7)

L 23 .0 VVHPCI(8)
| 24 291. PLPCI(1) RHR PUHP FLOV CURVE:

! 25 290. PLPCI(2) - PRESSURE

26 277. PLPCI(3)
| 27 260. PLPCI(4)

2D 238. PLPCI(5)
29 217. PLPCI(6)
30 191. PLPCI(7)
31 126. PLPCI(8)

1 32 .0 VVLPCI(1) - VOLUMETRIC FLOV

33 9023. VVLPCI(2)
! 34 16040. VVLPCI(3)

35 24060. VVLPCI(4)
36 32080. VVLPCI(5)
37 40100. VVLPCI(6)
38 48120. VVLPCI(7)
39 63360. VVLPCI(8)
40 499. PLPCS(1) LPCS PUMP CURVE:

41 498. PLPCS(2) - Pi; ESSURE

42 450. PLPCS(3)
43- 429. PLPCS(4)
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. [h _44 390.1 PLPCS(5)
(_,)' 45 346. PLPCS(6)

46 -381. PLPCS(7)-

47- -249. PLPCS(8)
48 .0 VVLPCS(1) - VOLUMI.TRIC FLOV

249- 9624. VVLPCS(2)
-50 24060. V7LPCS(3)_

51 32080. VVLPCS(4)
52 _ 40100.. VVLPCS(5)

'53- .48120.: VVLPCS(6)
54- 56140.. VVLPCS(7)*

-55 -59750. .VVLPCS(8).
56- -1387. PHPCS(1) HPCS PUMP CURVE:

],5'i - 1386. ~ PHPCS(2) - PRESSURE
58 1212. = PHPCS(3) 1

7' 59 1104. PHPCS(4) |
e

60 -996.- PHPCS(5)
'

61 779.- PHPCS(6)-
62 541. PHPCS(7)~
63' 271.e ?HPCS(8)-
64

_

.0 VVHPCS(1) - VOLU.1E1RIC FLOV
65 4812. VVHPCS(2)
66 16040. VVHPCS(3)
67 24060. VVHPCS(4)
68 -32080. VVHPCS(5)-

w 69 40100. VVHPCS(6)

1(dl' 70 ,48120. .VVHPCS(7)z
'

' 71- 56140. VVHPCS(8)
~

'72- 1514.7- PRCIC(1) RCIC PUMP 700 GPM FLOV CURVE:
-73 :1192.. PRCIC(2)- - PRESSURE
174- 165.- PRCIC(3)
_75 _14.7 PRCIC(4)-
E76 - 14.7~ 'PRCIC(5)
177 14.7 -PRCIC(6)
:78 14.7 PRCIC(7)

-

f79 _14.7 PRCIC(8).
80 :5614. VVRCIC(1) - VOLUMETRIC FLOV

-81 5614. VVRCIC(2)
82 5614.- VVRCIC(3)
83 0.= -VVRCIC(4)

b84 .0. .VVRCIC(5)
85- 0. . VVRCIC(6)
86 0.- VVRCIC(7)~
87~ 0. VVRCIC(8)-
88 :-1.E10 ZLHPCI LOV VATER INITIATION FOR HPCI --N/A FOR PERRY

:89 1.E10 PSHPCI HIGH DRYVELL PRESSURE SET POINT FOR HPCI
-90 1.E10 - TDHPCI TIME DELAY FOR HPCI
91- 1.E10. PHHPCI- HINIMUM PRESSURE FOR HPCI TURBINE

: 92- 645.925 LHPCS LOV VATER LEVEL L2 INITIATION FOR HPCS
,

93 16.58 :PSHPCS HICH DRYVELL PRESSURE SET POINT FOR HPCS
94' . 0075. TDHPCS TIME DELAY FOR HPCS

<

/'') ' .95 636.483' ZLLPCI LOV VATER LEVEL L1 INITIATION FOR LPCI
V 96-. 16.58 PSLPCI- HIGH DRYVFLL PRESSURE SET POINT FOR LPCI

197 .0103 TDLPCI TIME DELAY FOR LPCI
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98 -1.E10 PLLPCI RPV-VETVELL PRESS DIFFERENCE TO KEEP ADS OPEN
99 636.483 ZLLPCS LOV VATER INITIATION FOR LPCS
100 16.58 PSLPCS HIGH DRYVELL PRESSURE SET POINT FOR LPCS
101 .0103 TDLPCS TIME DELAY FOR LPCS
102 -1.E10 PILPCS RPV-VETVELL PRESS DIFFERENCE TO CLOSE ADS VALVES
103 645.925 ZLRCIC LOV VATER LEVEL 2 INITIATION FOR RCIC
104 1.E10 PSRCIC HIGH DRYVELL PRESSURE SET POINT FOR RCIC
105 .0083 TDRCIC TIME DELAY FOR RCIC
106 44.7 PHRCIC MINIMUM VESSEL PRESSURE FOR RCIC TURBINE
107 68. HCST ENTHALPY CF CST
108 3.64E6 VSVHX EMERG SERVICE VATER FLOV RATE THRU RHR HTXs
** THE SAFETY RELIEF VALVES MUST BE ENTERED IN ORDER OF INCREASING
** PRESSURE ACTUATION SET POINTS
109 1151 niRVI FLOV APEA 0F RELIEF VALVE TYPE #1
110 .1151 ASBV2 FLOV AREA 0F R2 LIEF VALVE TYPE #2
111 .1151 ASRV3 FLOV AREA 0F BELIEF VALVE TYPE #3
112 .1151 ASBV4 FLOV AREA 0F RELIEF VALVE TYPE #4

- ** IF THE AREA 0F GROUP #5 IS INPUT AS A NEGATIVE NUMBER THEU THE VALVE
** VILL DISCHARGE DIRECTLY INTO THE DRYVELL, IF POSITIVE IT VILL

| ** DISCHARGE INTO THE SUPPRESSION POOL
113 .1151 ASRV5 FLOV AREA 0F RELIEF VALVE TYPE #5
114 1 NSRV1 NUMBER OF TYPE #1 RELIEF VALVES
115 4 NSRV2 NUMBER OF TYPE #2 RELIEF VALVES
116 4 NSRV3 NUMBER OF TYPE #3 RELIEF VALVES
117 9 NSRV4 NUMBER OF TYPE #4 RELIEF VALVES
118 1 NSRV5 NUMBER OF TYPE #5 REL7EF VALVES
119 1 NADS1 NUMBER OF ADS VALVES IN GROUP 1
120 1 'NADS2 NUMBER OF ADS VALVES IN GROUP 2
121 2 NADS3 NUMBER OF ADS VALVES IN GROUP 3
122 4 NADS4 NUMBER OF ADS VALVES IN GROUP 4
** RELIEF VALVES ARE GROUPED VITH NSRV VALVES IN EACH GROUP
** PARAMETERS 123-127 ARE THF HIGH END TRIP PRESSURES
** PARAMETERS 270-274 ARE THE LOV END TRIP PRESSURES
** PARAMETERS 164-168 ARE THE DEAD BANDS
123 1129.7 PSRV1 PRESSURE SETPOINT FOR #1 RELIEF VALVE
124 1129.7 PSRV2 PRESSURE SETPOINT FOR #2 RELIEF VALVE
125 1129.7 PSRV3 PRESSURE 'dETPOINT FOR #3 RELIEF VALVE
126 1139.7 PSRV4 PRESSURE SETPOINT FOR #4 hELIEF VALVE
127 1119.7 PSRV5 PRESSURE SETPOINT FOR #5 RELIEF VALVE
128 636.483 ZLADS LOV VATER LEVEL L1 FOR INITIATION OF ADS
129 1.E10 PSADS HIGH DRYVELL PRESSURE SET POINT FOR ADS
130 .0325 TDADS TIME DELAY FOR ADS ACTUATION
131 1.E10 TCHPCI INLET TEMP LIMIT FOR HPCI - N/A FOR PERRY
132 571.56 ZCLHPS PUMP CENTER LINE ELEVATION FOR HPCS
133 571.56 ZCLLPI PUMP CENTER LINE ELEVATION FOR LPCI
134 571.56 ZCLLPS PUMP CENTER LINE ELEVATION FOR LPCS
135 185 TCRCIC INLET TEMP LIMIT FOR RCIC
136 85 TVSV EMERG SERVICE VATER TEMP (RHF HEAT EXCHANGERS,TCOLD)

137 .00278 TDDG1 HPCS LOAD DELAY TIME FOR DIESEL
138 .00139 TDDG2 LPCI LOAD DELAY TIME FOR DIESEL 1

'

139 .00417 TDDG3 LPCS LOAD DELAY TIME FOR DIESEL
**

** THE HPSV SYSTEM CAN BE USED TO MODEL ANY INJECTION MODE SUCH AS
** SERVICE VATER OR FIRE VATER, THE SYSTEM IS TOTALLY DEFINED BELOV

|^
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** 1FOR-THE FIRE VATER ALTERNATE INJECTIONh y-
t **''')[

143| 48. HVHPSV ENTHALPY OF FIRE VATER
.144 .016072 VVHPSV SPEC VOL OF FIRE VATER
'145 "J35.7- PHPSV(1) DIESEL DRIVEN FIRE VATER PUHP CURVE:
146 134.7- PHPSV(2) - PRESSURE
147; 14.7 IHPSV(3)
148 -14.7 PHPSV(4)
149 14.7_ PHPSV(5)
150 ~14.7 PHPSV(6)

-151 14.7- PHPSV(7)
152 14.7 PHPSV(8) |

153 'O. VVHPSV(1) - VOLUMETRIC-FLOV |
3154 1604. VVHPSV(2) )
155' )074. - VVHPSV(3);
156 7074. VVHPSV(4)
157 /074. VVHPSV(5)
158 7074. VVHPSV(6)-
159 7074. VVHPSV(7) |
160- 7074.' VVHPSV(8)- !

161 '16.58- .PDVSPR DRYVELL PRES SET PT FOR HARK III CONTAINHNT SPRAYS l

L 162 23.551 PVVSPk VETVELL PRES SET PT FOR HARK III CONTAINHNT SPRAYS
b 163- .1908 TDSPR- TIME DELAY F0; HARK III CONTAINHEi4T SPRAYS I

164 137 ~PDSRV1 DEAD BAND T OR CLOSURE OF SRV#1 -
165 167 PDSRV2 DEAD BAND FOR CLOSURE OF SRVR2

y- . 166: o100- PDSRV3 _ DEAD BAND FOR CLOSURE OF SRV#3

'( ). 167 100 PDSRV4 DEAD BAND FOR CLOSURE OF SRV#4
168 :107 PDSRV5 DEAT BAND'FOR CLOSURE OF SRVR5| '-

-185 1514.7 FTURRI(1)- PPS-PVV VS. STEAM FLOV TO RCIC TURBINEg
!- 186 1192- PTURRI(2$

187 (165 -PTURRI(5
c188 74.7 PTURRI(4)
-189 74.7 PTURRI(5)
190 74.7 PTURRI(6)
191 .74.7: PTURRI(7)n

L 192_ 74.'? .PTURRI(8)
! -193 41490 VS'RCI(1)

'194'-34200 VSTRCI(2)
195 11000 VSTRCI(3)
196 6957- VSTRCI(4)

p :197 6957.: VSTRCI(5)
198 6957 VSTRCI(6)

p 199 6957- WSTRCI(7)
200 6957 VSTRCI(8)

'201 1.E10 PHTURH HIGH IURBINE EXHAUST PRESSURE FOR HPCI
.2021 34.7- PHTURR. HIGH TURBINE EXHAUST PRESSURE FOR RCIC
203 .0 NOT USED
204 481.3 PHLPCI LOV RPV PRESSURE PERMISSIVE FOR LPCI

1. 205 c497.4- PHLPCS LOV RPV PRESSbRE PERMISSIVE FOR LPCS
~

206.'593.242 .ZHISP HIGH.SUPP. POOL LEVEL TRIP FOR HPCS/RCIC SUCT XFER
! . 207 - 1. E10 - ZLSPR LOV VESSEL VATER LEVEL FOR.CONTAINHENT SPRAYS

Q .208 --750 NTHX- NUMBER OF TUBES IN RHR HTX

\_J -209 8- NBHX NUMBER OF BAFFLES IN RHR HTX'

1210- .0725 XIDTHX TUBE ID FOR RHR HTX
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211 .00542 XTCHX TURE CENTR'R TO CENTER SPACING FOR RHR HTX
212 .1042 XTCHX TUBE CENTER TO CENTER SPACING FOR RHR HTX
213 19.42 XSHX SHELL LENGTH FOR RHR HTX
214 .0025 RGFOUL FOULING FACTOR FOR RHR HTX
215 9.3 KTHY THERHAL CONDUCTIVITY FOR TUBE VALL (RHR HTX)
216 1.75 XBCHX BAFFLE CUT LENGTH FOR RHR HTX
217 4.667 XIDSHX SHELL ID FOR RHR HTX
218 .0729 XSTHX BUNDLE TO SHELL GAP LENGTH FOR RHR HTX
219 .0 NTUHX1 NTU FOR RHR HTX #1
220 .0 NIUHX2 NTU FOR RHR HTX #2
221 2 NHX1 NUMBER OF RHR LOOP #1 HTX
222 2 NHX2 NUMBER OF RHR LOOP #2 HTX
223 2 FHX TYPE OF RHR HTX(1= STRAIGHT TUBE,2=U TUBE)
224 24.8 TDBATT BATTERY OPFRATION TIME FOR STATION BLACK-0UT
233 .0 ZHDLPIl LPCI NPSH FOR GIVEN FLOVS

-

234 1.3 ZHDLPI2
235 1.0 ZHDLPI3
236 .7 ZHDLPI4
237 .5 ZHDLPIS
238 .5 ZHDLPI6
239 .5 ZHDLPI7
240 .5 ZhDLPIB
241 .0 ZHDLPS1 LPCS NPSH FOR GIVEN FLOVS
242 5.5 ZHDLPS2
243 3.2 ZHDi oS3
244 2.5 ZHL_.S4
245 2.0 ZHDLPS5
246 1.7 ZHDLPS6
247 1.5 ZHDLPS7
248 1.5 ZHDLPSB
249 574.833 ZCLRCI PUMP CENTER IINE ELEVATION FOR RCIC
250 -1.E10 ZULHPI PUMP CENTER LINE ELEVATION FOR HPCI
251 .0 NOT USED

~

252 .0 NOT USED
253 .0 NOT USED
254 .0 TGDVHX(1) COOLING CURVE FOR DRYVELL COOLERS
255 .0 TGDVHX(2) TEMP IN DRYVELL VS HEAT LOSS RATE
256 .0 TGDVHX(3)
257 .0 TGDVHX(4)
258 .0 TGDVHX(5)
259 .0 TGDVHX(6)
260 .0 TGDVHX(7)
261 .0 TGDVHX(8)
262 .0 OGDVHX(1) HEAT LOSS RAfE FOR DRYVEL' COOLERS
263 .0 OGDVHX(2)
264 .0 OGDVHX(3)

'
265 .0 OGDVHX(4)
266 .0 OGDVHX(5)
267 .0 OGDVHX(6)
268 .0 OGbVHX(7)
269. .0 OGDVHX(8)
270 1125.7 PSRVL1 LOV END PRESSURE SETPOINT FOR #1 RELIEF VAIVE
271 1125.7 PSRVL2 LOV END PPESSURE SETPOINT FOR #2 RELIEF VALVE
272 1125.7 PSUVL1 LOV END PRESSURE SETPOINT FOR #3 RELIEF VALVE
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'

Es J'. 273. 1135.7 PSRVL4' LOV END PRES 3URE SFTPOINT-FOR #4 RELIEF VALVE
( \
;%~s'l 274 1115.7 .PSRVL5 LOV END PRESSURE SETPOINT FOR #5 RELIEF VALVE

ss
**********************************************************************
**.

**@@@ REV 5 ADDITION, THIS EVTHES SECTION IS NEV
-

**-
"

** THIS EVTHES SECTION DEFINES THE MAAP EVENT MESSAGES FOR EVENT CODES
** 1 THRU 250 IN THE PVR CODE, AND 1 THRU 300 IN THE BVR CODE.
**

** EXPECTED FORMAT OF THIS SECTION JS;
**

**- <NUMBEhi' < FLAG) < MESSAGE)
" **

** VHERE -< NUMBER > IS THE E7ENT CODE NUMBER
** < FLAG) IS THE EVENT FIAG
** | MESSAGE) IS THE SVENT CODE MESSAGE
**

-** EVENT FLAG TOKENS "1", "0", "T", "F", "TRUE", AND " FALSE" ARE
** ACCEPTABLE.. BE SURE TO-END THIS SECTION VITH THE KEYVORD "END".,

,

** ** COMMENTING ARE ALLO'vED, AND THE FOLLOVING EVENT MESSAGES ARE THE.

** D2 FAULT MAAP MESSAGES, AS PRESENT IN MAAP BLOCK DATA. HENCE, THIS
*W' SECTION -IS NOT NECESSARY IF YOU LEAVE EVENT MESSAGES UNHODIFIED.

** NOTE THA1} TEE CHARAJTER "1" IS TREATED AS A END OF LINE DELIMIT 0R,.
** AND EVERYTHING AFTER "!" IS IGNORED.

.. - **

L '************************************&*f ******************************V[ : *EVTHES(
P **

'** 1 THRv 199 SET BY MAAP: NOT SETTABLE BY THE USER (INTERNAL CODES)
** 200 THRU 3?9'EITHER SET.BY MAAP UR THE USER (EXTERNAL CODES)

fr? **-400 THRU 699 USER DEFINE 9 EVENT CODES
:** THEREFORE, CHECK.THE NEY LIST PRGVIDED IN THIS FILE.o
- ** YOU HAY NEED TO RENUMBER SOME OF YOUR PREVIOUS USER-l. FINED CODES
** TO AVOID COLLISIONS VITH NEV EXTERNAL CODES.
**

- * * EXPECTED FORMAT OF THIS SECTION IS;
**

** < NUMBER > < FLAG) < MESSAGE > .
**

**- VHERE < NUMBER > IS-THE EVENT CADE NUMBER
** < FLAG) IS THE EVENT .G'

** < MESSAGE >'IS THE EVENT CODE MESSAGE
**

** EVSNT FLAG TOKENS "1", "0", "T", "F", "TRUE", AND " FALSE" ARE
** ACCEPTABLE. PE SURE TO END THIS SECTION WITH THE KEYVORD "END".
** ** COMMENTING ARE AI. LOVED, AND THE.FOLLOVING EVENT HEE 5 AGES ARE THE
**-DEFAULT MAAP MESSAGES, AS PRESENT IN MAAP BLOCK DATA. HENCE, THIS

** SECTION IS NOT NECCESSARY IF YOU LEAVE EVENT MESSAGES UNH0DIFIED.
-** NOTE THAT THE CHARACTER "I" IS TREATED AS A END OF LIHE DELIMIT 0R,,

** AND EVERYTHING AFTER "i"'IS IGNORED.. _ _ .

,< ~ . .,w

|
(~,/ : - 1- T 1 SRV (1113/1073 - 936) OPEN (GrP 1)

1- F 1 SRV (1113/1073_- 936) CLOSED (GRP 1)
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2 T 4 SRVs (1113 - 946) OPEN (GRP 2)
2 F 4 SRVs (1113 - 946) CLOSED (GRP 2)
3. T 4 SRVs-(1113 - 1013) OPEN (GRP 3)
3 F 4 SRVs (1113 - 1013) CLOSED (GRP 3)
4 T 9 SRVs (1123 - 1023) OPEN (GRP 4)
4 F 9 SRVs (1123 - 1023) CLOSED (GRP 4)
5 T ADS PERMISSIBLE-LP PUMP ON
6 T ADS SILNAL-LOV VATER, HIGH DV PRESbURE
7 T HPCI ON
7 F HPCI 0FF
8 T VESSEL FAILED
9 T HIGH VESSEL PRESSURE SCRAM

10 T SCRAM SIGNAL RECEIVED
11 T SHROUD VATER SATURATED

-

11 F SHROUD VATER SUBC00 LED
12 T LOVER 'LENUM VATER SATURATED
12 F LOVER PLENUM VATER SUBC00 LED
13 T LPCI LOOP 2 ON
13 F LPCI LOOP 2 0FF
14 T RHR HTX. #1 ON
14 F RHR HTX. il 0FF
15 T RHR HTX. #2 ON
15 F RHR HTX. #2 0FF
16 T CORE PLATE FAILURE
17 T CALL HEATUP
17 F NO LONGER CALLING HEATUP
18 T HIGH VATER LEVEL IN SUPP. P0OL
18 F NO LONGER HIGH LEVEL IN SP
19 Y FEEDVATER PUMP TRIPPED
19 F FEEDVATER ON
20 T ADS ON
20 F ADS OFF
21 T CORIUM CONTACTING PEDESTAL FLOOR ,

22 T EX-VESSEL STEAM EXPLOSION IN PEDESTAL
23 T INITIATION SIGNAL RECVD FOR LPCI #2
23 F INITIATION SIGNAL LOST FOR I.FCI #2
24 T SUCTION PRESS LIMIT REACHED ON LPCI #2
25 T DIESEL LOADING PERMISSIBLE FOR HPCS

'

26 T HPCS ON
27 F HPCS OFF
27 T LPCI LOOP 1 ON
27 F LPCI LOOP 1 0FF
28 T LPCS ON
28 F !,PCS OFF
29 T RCIC ON
29 F RCIC OFF
30 T CORE UNCOVERED

-30 F CORE COVERED
31 T GHBOUD VATER LEVEL < ELEVATION AT TOP 0F JET FUMP
31 F SHROUD' VATER LEVEL > ELEVATION AT TOP OF JET PUMP
32 T DIESEL LOADING PERMISSIBLE FOR LPCI
33 T DIESEL LOADING PERMISSIBLE FOR LPCS
34 T HP INJECTION SUCTION FROM SUPPRESSION POOL
34 F HP INJECTION SUCTION FROM CST

I
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<% -35 T. 'CORIUM IN-LOVER PLENUM QULNCHED

(f 35 F CORIUM IN LOVER PLENUM NOT QUENCHED
36 T CORIUM PRESENT IN LOVER PLENUM
36 F CORIUM NOT PRESENT IN LOVER PLENUM
37 T LOV VATER LEVEL IN CST
37 F NORMAL VATER LEVEL IN CST
38 T- CORIUM AND VATER PRESENT IN LOVER PLENUM
38 F- CORIUM AND VATER NOT PRESENT IN LOVER PLENUM
39 - T LEVEL 8 HIGH VATER LEVEL

=39 .F RESET LEVEL 8 TRIP
40 T INITIATION SIGNAL RECVD FOR HPCI
40 F INITIATION SIGNAL LOST FOR HPCI
41- T INITIAT7.ON SIGNAL RECVD FOR HPCS
41 F INITIATION SIGNAL LOST FOR HPCS
42 I . INITIATION SIGNAL RECVD FOR LPCI #1
42 F INITIATION SIGNAL LOST FOR LPCI #1
43 T INITIATION SIGNAL RECVD FOR LPCS
43 F INITIATION SIGNAL LOST FOR LPCS
44 T INITIATION GIGNAL RECVD FOR RCIC
44 F INITIATION SIGNAL-LOST-FOR RCIC
45 T- HPCI TURBINE PUMP TRIPPED
45 F HPCI TURBINE PUMP NOT TRIPPED
46 T~ SUCTION PRESS LIMIT REACHED ON HPCS
47 T SUCTION PRESS LIMIT REACHED ON LPCI #1
48 T SUCTION PRESS LIMIT REACHED ON LPCS

s . 49 T RCIC TURBINE PUMP TRIPPED
'-( j 49 F RCIC TURBINE PUMP NOT TRIPPED

'' 50 T LPCI #1 TO DRYVELL SPRAYS - OPEN
50 F- LPCI #1 TO DRIVELL SPRAYS - CLOSED-

51 T LPCI_#2 TO.DRYWELL SPRAYS - OPEN
51 F LPCI #2 TO DRYVELL SPRAYS - CLOSED
52 T LPCI #1 TO VETVELL-SPRAYS - OPEN
52 F LPCI #1=TO VETVELL SPRAYS - CLOSED
53 T LPCI #2 TO VETVELL SPRAYS - OPEN
53 F LPCI #2 TO VETVELL SPRA1S - CLOSED
54 T LPCI #1~TOLVESSEL - OPEN
54 F LPCI #1 TO VESSEL - CLOSED
55 T. LPCI #2 TO VESSEL - OPEN
55 F LPCI #2 TO VESSEL - CLOSED
56 T. LPCI #1 TO SUPPRESSION POOL - OPEN

c56 F LPCI -#1 TO SUPPRESSION POCL - CLOSED -
57 T LPCI #2 TO SUPPRESSION POOL - OPEN
57 F LPCI #2 TO SUPPRESSION POOL - CLOSED
58 T' LPCI LOOP 3 ON
58 F LPCI LOOP 3.0FF
59- T INITIATION SIGNAL RECVD FOR LPCI #3
.59 F ' INITIATION SIGNAL LOST FOR LPCI #3
-60 T SUCTION PRESS LIMIT REACHED ON LPCI #3
61 T 1 SRV (1103/1033 - 926) OPEN (GRP 5)
61 F 1 SRV (1103/1033'- 926) CLOSED (GRP 5)

'

IS3.
62 T MSIV CLOSED

..

62 F MSIV OPEN-
,

\- / 63 ~ T LOSS 0F AC POVER (LOCKID).
~

64 T REACTOR SCRAMMED-
-
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| 65 T RECTRC PUHP TRIPPED
| 66 T TURBINE STOP VALVES CLOSED

66 F TURBINE STOP VALVES OPEN
67 T LF PUhP PERHISSIBLE FOR VETVELL SPRAYS
68 T VETVELL SPRAYS (HARKIII) ON
68 F VETVELL SPRAYS (MARKIII) 0FF
69 T HPSV INJECTION ON
69 F HPSV INJECTION OFF
70 T PERHISSIBLE FOR RPT
71 T CRD PUHP ON
71 F CRD PUMP OFF
75 T VATER IN CORE SATURATED
75 F VATER IN CORE SUBC00 LED
76 T CORIUM ENTRAINED IN PEDESTAL
76 F CORIUM NO LONGER ENTRAINED IN PEDESTAL
77 T VATER ENTRAINED IN PEDESTAL
77 F VATER NO LONGER ENTRAINED IN PEDESTAL
78 T LOV LEVEL TRIP FOR HPCI
78 F RESET LOV LEVEL TRIP FOR HPCI
79 T HIGH DRYWELL PRESSURE FOR HPCI
79 F RESET HIGH DV PRESS. FOR HPCI
80 T LOV LEVEL TRIP FOR HPCS
80 F RESET LOV LEVEL TRIP FOR HPCS
81 T HICH DRYVELL PRESSURE FOR HPCS
81 F RESET HIGH DV PRESS. FOR HPCF
62 T LOV LEVEL TRIP FOR RCIC
82 F RESET LOV LEVEL TRIP FOR RCIC
83 T HIGH DRYVELL PRESSURE FOR RCIC
83 F RESET HIGH DV PRESS FOR RCIC
84 T LOV LEVEL TRIP FOR LPCI
84 F RESET LOV LEVEL TRIP F0F LPCI-
85 T HIGH DRYVELL PRESSURE }0R LPCI
85 F PESET HIGH DV PRESS. FOR LPCI
86 T LPCI FLOV > U
86 F LPCI FLOU = 0
87 LPCS FLOV > 0*

87 F LPCS FLOV - 0
88 T DRYVELL VENT OPEN
88 F DRYVELL VENT CLOSED
89' T FIRST CALL TO ICRUST
90 T- LOV LEVEL TRIP FOR LPCS
90 F RESET LOV LEVEL TRIP FOR LPCS
91 T HIGH DRYVELL PRESSURE FOR LPCS
91 F RESET HIGH DV PRESS. FOR LPCS
92 T HIGH RCIC TURBINE EXHAUST

._

92 F NO LONGER HIGH RCIC TURB. EXHAUST
93 T LOV VATER TRIP FOR ADS
93 F RESET LOV UATER TRIP FOR ADS
94 T HIGH DRYVELL PRESSURE TRIP FOR ADS

L 94 F RESET HIGH DRYVELL PRESSURF TRIP FOR ADS
| 95 T PEDESTAL'DOWNCOMER HAS FAILFD

95 F PEDESTAL D0VNC0HER NOT FAILLD
96 T AUX CONDENSER ON

| 96 F AUX CONDENSER OFF
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/s L97 T HIGH RPV PRESS IPTTIATION FOR ISO COND |
)- -97 F: N0 HIGil RPV PRES adITIATION FOR ISO COND i- i

'~' 98 T RX BLDG FIRE SPRAYS ON l

98 F :RX BLDG FIRE SPRAYS OFF
99 T RX BLDG CO2 FIRE SUPPRESSION'ON
99- F RX-BLDG CO2-FIRE SUPPRESSION OFF

~100 T- H2 BURNING IN RX BLDG
100 F H2 NOT BURNING IN RX BLDG
101 T BURNING IN PEDESTAL-
101 F BURNING OVER IN PEDESTAL
102 T CORIUM= TEMP. AdOVE CONCRETE HELTING IN PD
102 F CORIUH. TEMP. BELOV CONCRETE HELTING IN PD
103, T VATER IN PEDESTAL

103. F NO VATER IN PEDESTAL
104 T. VATER SATURATED IN PEDESTAL
104 T VATER NO LONGER SATURATED IN PEDESTAL
105 T CORIUM QUENCHED IN PEDESTAL
105 F CORIUM NOT QUENCHED IN PEDESTAL
106. T CORIUM AND VATER PRESENT IN PEDESTAL
106- F NO CORIUM OR N0 VATER PRESEllT IN PD
107 T CORIUM TEMP < CORIUM HELTING POINT IN PD
107 F CORIUM TEMP > CORIUM HELTING POINT IN PD-
108 T FIRST CALL TO FhEEZE

-109 T VETVELL VENT OPEN
109 F VETWELL VENT CLOSED
110 T RCIC SUCTION FROM SUPPRESSION POOL

[''') ' 110 F RCIC SUCTION FROM CST,

\/ 111 .T PRIMARY SYSTEM COUPLEDt.

L 111 F' PRIMARY SYSTEH NOT COUPLED-
112 T HVLP G.T. MVHIN-
112 F- MVL1 L.E. HVMIN
113. T-' ADS VALVES OPEN DUE TO LOV DRFVFLL PRESSURE
113 -F ADS-VALVES CLOSED DUE TO HI DRYVELL PRESSURE
114.: T ADS VALVES OPEN'DUE TO HI RPV PRESSURE
114~ FD ADS VALVES CLOSED DUE TO LOV RPV-PRESSURE
115 T-: START TO CALL FISSION PRODUCT H0DELS
115 F.' FISSION PRODUCT MODELS NOT CALLED
116 T: BURNING IN DRYVELL
116 F- BURNING OVER IN'DRYVELL
117 T CORIUM TEMP. ABOVE CONCRETE HELTING IN DV
117 .F- CORIUM TEMP. BELOV CONCRETE MELTING IN DV
118 T REVERSE FLOV THROUGH SUPPRESSION POOL VENTS
118 F NORMAL FLOV RESTORED IN SU?PRESSION POOL VENTS
119 T VATER IN DRYVELL
119 F NO VATER IN DRYVELL
120 T PDV > PPD--
.120 F PDV < PPD:'

121 T VATER TEMP.'ABOVE SATURATION IN DRYVELL
121 F VATER TEMP. BELOV SATURATION IN DRYVELL
122 T CORIUM OUENCHED IN DRYVELL
122- F CORIUM NOT QUENCHED IN DRYVELL

E L (] 123 - .T CORIUM AND VAIER PRESENT IN DRYVELL
's_ ,/ 123 F' CORIUM AND VATER NOT IN DRYVELL

124 T CORIUM TEMP < CORIUM MELTING POINT IN DV

Page H.S - 23

. _ .,



124 F CORIUH TEMP > CORIUM HELTING POINT IN DV
125 T LOV DVNCHR - L PLEN PATH OPEN FOR CIRC |h
125 F LOV DVNCHR - L PLEN PATH NOT OPEN FOR CIRC
126 T UP DVNCHR - SEP PATH OPEN FOR CIRC
126 F UP DVNCHR - SEP PATH NOT OP1:A F02 CIRC
127 .T RECIRC LOOP OPEN FOR CIRC
127 F RECIRC LOOP NOT OPEN FOR CIRC
128 T TEMP LIMIT REACHED ON HPCI SUCT, G1'
128 F TEMP LIMIT NOT REACHED ON HPCI SUCTION
129 T HIGH TURB EXHAUST FOR HPCI
129 F RESET HIGH TURB EXHAUST FOR HPCI
130 T LOV RPV PRESSURE FOR HPCI
130 F RESET LOV RPV PPSSSURE FOR HPCI
131 T BURNING IN VETVELL
131 F BURNING OVER IN VETVELL
132 T CORIUM TEMP > CONCRETE HELTING IN VETVELL
132 F CORIUM TEMP < CONCRETE HELTING IN VETVELL
133 T VACUUM BREAKERS OPEN
133 F VACUUM BREAKERS CLOSED
134 T VATER IN SUPP. POOL-
135 T SUPPRESSION POOL SATURATED
135 F SUPPRESSION POOL N0 1ONGER SATURATED
136 T CORIUM QUENCHED IN VETVELL
136 F CORIUM TEMP. ABOVE VATER SAIURATION IN VV
137 T CORIUM AND VATER PRESENT IN VETVELL
138' T CORIUM TEMP < CORIUM HELTING POINT IN VV
138 F CORIUM TEMP > CORIUM HELTING POINT IN VV
139 T RX BLDG FIRE VATER DEPLETED
139 F RX BLDG FIRE VATER NOT DEPLETED
140 T SUPP POOL LEVEL BELOV VENT PIPE
140 F SUPP POOL LEVEL ABOVE VENT PIPE
141 T TOP VENT OPEN (HIII)
142 T TOP VENT _ COVERED (HIII)
143 T TOP VENT OPEN & HID VENT COVERED (HIII)
144 T HID VENT OPEN & BOTTOM VENT COVERED (HIII)
145 T BOTTOM VENT OPEN (HIII)
146 T HVCA > 0 KG.
'146 F HVCA = 0 KG.
147 T BURNING IN HIDDLE CONTAINHENT (HIII)
147 F BURNING.0VER IN HIDDLE CONTAINHENT (HIII
148 T HVCB > 0 KG.
148 F MVCB = 0 KG.
149 T BURNING IN UPPER CONTAINHERT (HIII)
149 F BURNING OVER IN UPPER CONTAINHENT (HIII)
150 T RX BLDG CO2 SUPPRESSION DEPLETED
150 F RX BLDG CO2 SUPPRESSION NOT DELETED
151 T RX BLDG DAMPERS CLOSED
151 F RX BLDG DAMPERS OPF.N
152 T HYDROGEN HIXING SYSTEM ON
152 F HYDROGEN HIXING SYSTEM ON
153 T LOCA SIGNAL FOR UPPER POOL DUMP
154 T UPPER P0OL DUMP ACTIVATED ,

ISS T CONTAINHENT PURGE ON
155 F CONTAINHENT PURGE OFF
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(~~' . 156 T 1GNITERS HAV2 POVER
156 F IGNITERS DO NOT HAVE POVER
157 i HYDROGEN HIXING SYSTEM PERMISSIBLE
157 F HYDROGEN HIXING SYSTEM NO PLRHISSIBLE
158 T END OF UPPER POOL DUMP
159 T BATTERY POWER UN?.VAILABLC
159 F BATTERY POVER AVAILABLE
160 T LOV LEVEL FOR SCRAM
161 T HIGH DRYWELL PP"1SURE FJR SCRAM
162 T HIGH DRYVELL PRESSURE FOR SFRAYS
163 T HIGH VETVELL PRESSURE FOR SPRAYS
164 T HIGH SUPP. POOL TEMP. FOR RCIC
165 T LOV RPV PRESSURE FOR RCIC
166 T CORIUM IN VETVELL
166 F CORIUM NOT IN VETVELL
168 T DRYVELL LEAK EJS PLUGGE7
168 F DRYVELL LEAK NOT PLUGGED
169 T PLUGGED LEAK PATH BLOVN OPEN
169 F PLUGGED LEAK PATH NOT BLOVN OPEN
170 T CORE RADIAL REGION 1 HAS BLOCKED
170 F CORE RADIAL REGION 1 NOT BLOCKED
171 T CORE RADIAL REGION 2 HAS BLOCKED
171 F CORE RADIAL REGION 2 NOT BLOCKED
172 T CORE RADIAL REGION 3 HAS BtNCKED
172 F CORE RADIAL REGION 3 NOT BLOCKED

-e 173 T C0RE RADIAL REGION 4 HAS BLOCKED
( 173 F CORE RADIAL REGION 4 NOT DLOCKED

174 T CORE RADIAL REGION 5 HAS BLOCKED'

.
174 F CORE RADIAL REGION 5 NOT BLOCKED

hl 175 T INITIATION SIGNAL RECEIVED FOR LRTVELL COOLERS
175 F INITIATION SIGNAL LOST FOR DRYVELL COOLERS

N 176 1 REACTOR VATER CLEANUP SYSTEF( kVCU ) ON'

176 0 REACTOR VATER CLEANUP SYSTEHt. RkCU ) 0FF
177 1 INITIATION SIGNAL RECEIVED FOR RVCU

47 177 0 INITIATION SIGNAL LOST FOR RUCU
~

178 1 TRIGGER SIGNAL RECEIVED FOR HPCI
178 0 TRIGGER SIGNAL LOST FOR HPCI
179 T SGTS FILTER AEROSOL LOADING EXCEEDED
179 F SGTS FILTER AEROSOL LOADING NOT EXCEEDED
180 1 TPIGGER SIGNAL RECEIVED FOR HPCS
180 0 7; 4GER SIGNAL LOST FOR HPCS
181 1 's>3GER SIGNAL RECEIVED FOR RClu
181 0 ? RIGGER SIGNAL LOST FOR RCIC
182 1 HIGH LEVEL TRIP FOR FEED VATER
182 0 RESET HIGH LEVEL TRIP FOR FEED VATER
183 1 LPCI #1 TO RAD VASTE - OPEN
183 0 LPCI #1 TO RAD VASTE - CLOSE
184 1 LPCI #2 TO RAD VASTE - OPEN
184 0 LPCI #2 TO RAD VASTE - CLOSL
185 1 HIGH VATER LEVEL RESET' SIGNAL RECEIVED FOR HPCI
185 0 HIGH VATER LEVEL RESET SIGNAL NOT RECEIVED FOR HPCI

('~h 186 1 HIGH VATER LEVEL RESET SIGNAL RECEIVE 3 FOR RCIC
x s/ 186 0 HIGH VATER LEVEL RESET SIGNAL NOT RECEIVED FOR RCIC4

187 1 HIGH VATER LEVEb RESET SIGNAL RECEIVED FOR HPCS
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187 -0 HIGH VATER LEVEL RESET SICNAL NOT RECEIVED FOR HPCS
-

188 1 DRYVELL COOLERS ON
188 0 DRYVELL COOLERS OFF
190 T CONT FAILED IN VV DUE TO STRAIN
191 T- CONT FAILED IN VV DUE TO OVERPRESSURE
192 T CONT FAILED IN CA DUE TO STkAIN
193 -T CONT FAILED IN CA DUE TO OVERPRESSURE
194 T CONT- FAILED IN CB DUE TO STRAIN
195 T CONT FAILED IN CB DUE TO OVERPRESSURE
196 T SHUTDOVN COOLING ON
196 F SHUTDOVN COOLING OFF
** NOTE EVENT CODE 197 IS SET ONLY FOR ONE fIMESTEP IN VHICH
** EITHER THE REACTOR VESSEL OR CONTAINMENT FAILED.
197 T EITHER REACTOR VESSEL OR CONTAINMENT JUST FAILED
198 T AUTOMATIC PLOT SCALING IS ON
198 F EQUALLY SPACED PLOT SCALING IS ON
199 T CONTAINMENT FAIUIPC OR VENT OPEN
200 . T HPCI HAN.ON
200 F HPCI~NOT MAN ON

-201 T HPCI LOCKED OFF
201 F HPCI NOT LOCKED OFF
202 T LPCI LOOP-1 MAN ON
202 =F LPCI LOOP 1 NOT MAN ON
203 T LPCI LOOP 1 LCJ'(ED OFF

-203 F LFCI LOOP 1 NOT LOCKED OFF
204 T- HPCS MAN ON

~

204 F HPCS NOT MAN ON
205 T HPCS LOCKED OFF-
205 F HPCS NOT LOCKED OFF
206 T LPCS MAN ON
206 F LPCS NOT MAN ON
207 T ~LPCS LOCKED OFF
207 F- LPCS NOT LOCKED OFF
208 T- FEEDVATER MAN ON
208 F- FEEDUATER NOT MAN ON
209 T FEEDVATER MAN OFF
209 -F FEEDVATER NOT LOCKED OFF
210 T RCIC MAN ON
210 F RCIC NOT MAN ON
211 T RCIC LOCKED OFF
211 F RCIC NOT LOCKED OFF
212 T -TURBINE >STOP VALVE CLOSED
212. F TURBINE STOP VALVE OPEN
213 -T -TURBINE BYPASS CLOSED.
213 F- TURBINE BYPASS OPEN
-214. T MSIVS MAN OPEN
214 F MSIVS NOT MAN OPEN.

215 T MSIVS LOCKED CLOSED
:215 F- MSIVS NOT LOCKED CLOSED

216f T PEDESTAL DOVNCOMER FAILED
216 F PEDESTAL D0VNCOMER NOT FAILfD
217 T 1 SRV.(1113/1073 - 936) MAN OPEN (GRF 1)

1 SRV (1113/1073 - 936) NOT MAN OPEN (GRP 1)
<

-217 r
218 T 1 SRV _ (1113/1073 -- 936) LOCFED CLOSED (GRP 1)7
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- 218 F 'l SRV (1113/1073 - 936) NOT LOCKED CLOSED (GRP 1)

jy_, 219 -T .4 SRVs (1113 -:946) MAN OPEN (GRP 2)
219 F -4 SRVs (1113 - 946) NOT MAN OPEN (GRP 2) -

220 T 4 SRVs-(1113 --946) LOCKED CLOSED (GRP 2)
220 F 4 SRVs (1113 - 946) NOT LOCKED CLOSED (GRP 2)
.221; T 4 SRVs (1113 - 1013) MAN OPEN (GRP 3)
2211 F. 4 SRVs (1113;- 1013) t:0T MAN OPEN (GRP 3)
222 T 4 SRVs (1113 - 1013) LOCKED CLOSED (GRP 3)-
222; F. 4 SRVs (1113.- 1013) NOT LOCKED CLOSED (GRP 3)
223L-T 9 SRVs (1123 - 1013) MAN OPEN (GRP 4)
223 F- 9 SRVs (1123 - 1013) NOT MAN OPEN (GRP 4)
224 T 9 SRVs (1123 - 1013) LOCKED CLOSED (GRP 4)
224 F 9 SRVs (1123 - 1013) NOT LOCKED CLOSED (GRP 4)
225 T~ ADS MAN OPEN
225 F ADS NOT MAN OPEN

-226 T -ADS LOCKED CLOSED.
226 F ADS NOT LOCKED CLOSED
227 .T RER HTX #1 MAN ON
227 F RHR HTX #1 NOT MAN ON
228 T RHR HTX #1-LOCKED OFF-

- 228 F .RHR HTX #1 NOT LOCKED OFF
229 T- RHR HTX #2 MAN ON
229 F RHR HTX #2 NOT ;!AN ON

230 T RHR HTX #2 LOCKED OFF
230 F RHR HTX #2 NOT LOCKED OFF
231 T- LPCI LOOP 2 MAN ON=

'( ) 231 F LPCI LOOP 2 NOT MAN ON
1

. 232 T- LPCI LOOPL2. LOCKED OFF
232 F LPCI' LOOP 2 NOT LOCKED OFF
233 T LPCI LOOP 1 TO DRYVELL SPRAYS-MAN ON
233 F LPCI LOOP 1 TO-DRYVELL SPRAYS-NOT MAN ON
234 T LPCI LOOP 1 T0-DRYVELL SPRAYS-LOCKED OFF
234 F LPCI LOOP 1 TO DRYVELL SPRAYS-NOT LOCKED OFF
235 T LPCI~ LOOP 2 TO DRYVELL SPRAYS-MAN ON
235 F LPCI LOOP 2 TO DRYVELL SPRAfS-NOT MAN ON
236 T LPCI LOOP 2 TO DRYVELL SPRAYS-LOCKED-OFF
236 F. LPCI LOOP 2 TO DRYVELL SPRAYS-NOT LOCKED OFF
237J T1 LPCI LOOP 1 TO VETVELL SPRAYS-MAN ON.
237- F -LPCI LOOP 1 TO VETVELL SPRAYS-NOT MAN ON

~

'238 T LPCI LOOP 1 TO VETVELL SPRAYS-LOCKED.0FF J

238 F- LPCI: LOOP 1 TO VETVELL SPRAYS-NOT LOCKED OFF -|
- 239~ T LPCI LOOP 2.TO VETVELL SPRAYS-MAN ON

'

239 F LPCI LOOP 2 TO VETWELL SPRAYS-NOT MAN ON
'240 -T- LPCI LOOP 2 TO VETVELL SPRAYS-LOCKED OFF |

'

240 - F - LPCI LOOP 2 T0--VETVELL' SPRA'iS-NOT LOCKED OFF |
241 T LPCI LOOP 1 ALIGNED TO VESSEL !e

241 F LPCI LOOP 1 NOT ALIGNED TO VESSEL
242 T - LPCI LOOP .1 TO VESSEL-LOCKED OFF
242 F- LPCI LOOP-I TO VESSEL-NOT LOCKED OFF
243 T LPCI LOOP 2 ALIGNED TO VESSEL I

~ 243 F - LPCI- LOOP 2 NOT- ALIGNED TO VESSEL
244- T LPCI' LOOP-2 TO VESSEL-LOCKF0 0FF

-) .
-244 F LPCI-LOOP 2 TO VESSEL-NOT LOCKED OFF
245 T LPCI LOOP 1 TO SUPPRESSION POOL-MAN ON,
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-245 F LPCI LOOP 1 TO SUPPRESSION POOL-NOT MAN ON
246 T LPCI LOOP 1 TO SUPPRESSION POOL-LOCKED OFF !

246 F- LPCI LOOP 1 TO SUPPRESSION POOL-NOT LOCKED OFF
|

247 T- LPCI LOOP 2 TO SUPPRESSION POOL-MAN ON
247 F LPCI LOOP 2 TO SUPPRESSION POOL-NOT MAN ON
248--T LPCI LOOP 2 TO SUPPRESSION POOL-LOCKED OFF
248 F LPCI LOOP 2 TO SUPPRESSION POOL-NOT LOCKED OFF
249 T SUCTION FOR HPCS MAN LINED UP TO SUPP POOL
249 F SUCTION FOR HFCS NOT MAN LINED TO SUPP POOL
250 T LOSS OF AC POVER
250 F AC POWER RESTORED
251 T LOSS OF DIESEL POVER
251 F DIESEL POVER RESTORED
252 -T AUX BLDG DAMPERS SHUT
252 F AUX BLDG DAMPERS NOT SHUT
253 T N0 H2 OR C0 BURNING ALLOVED
253 F h2 AND C0 BURNING ALLOVED
254 T SUCTION FOR RCIC MAN LINED UF TO SUPP POOL
254 F SUCTION FOR RCIC NOT MAN LINED TO SUPP POOL
255 T REACTOR MAN SCRAMMED
256 T BREAK IN PRIMARY SYSTEM (LOCA)
256 F NO BREAK IN PRIMARY SYSTEM
257 T ATVS RUN
258 T SLC INJECTION BEGUN
'259 T LPCI LOOP 3 MAN ON
259 F LPCI LOOP 3 NOT MAN ON
260 T LPCI LOOP 3 LOCKED OFF
260 F LPCI LOOP 3'NOT LOCKED OFF
261 T 1 SRV (1103/1033 - 926) MAN OPEN (GRP 5)

261 F 1 SRV (1103/1033 - 926) NOT AAN OPEN (GRP 5)

262 T 1 SRV (1103/1033 - 926) LOCKED CLOSED (GRP 5)
262 F 1.SRV (1103/1033 - 926) NOT LOCKED OFF (GRP 5)

263 T VACUUM BREAKERS-MAN OPEN
263 F VACUUM BREAKERS-NOT MAN OPEN
264 T VACUUM BREAKERS-LOCKED CLOSED
264 .F VACUUM BREAKERS-NOT LOCKED CLOSE
265 T HYDROGEN MIXING SYSTEM MAN ON
265 F HYDROGEN MIXING SYSTEM NOT MAN ON
266 T HYDR 0 GEN MIXING SYSTEM LOCKED OFF
266 F. HYDROGEN MIXING SYSTEM NOT LOCKED OFF

,

267 T UPPER POOL DUMP MAN OPEN
267 F UPPER POOL DUMP NOT MAN OPEN
268 T UPPER POOL DUMP LOCKED CLOSED
268 FL UPPER POOL DUMP NOT LOCKED CLOSED
269 T CONTAINMENT PURGE MAN OPEN

| 269- F CONTAINMENT PURGE NOT MAN OPEN
270 T CONTAINMENT PURGE LOCKED CLOSED

(:
CONTAINMENT PURGE NOT LOCKED CLOSED

|
270 F

! 271 T 0 LPCS PUMPS ON
271 F DEFAULT LPCS PUMPS ON
272 T 2 LFCS PUMPS ON
272 F DEFAULT LPCS PUMPS ON
273 T 4 LPCS PUMPS ON
273 F -DEFAULT LPCS PUMPS ON
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f(~( - 274 LT. HPSV INJECTION MAN ON

-- Q 274 F |HPSV INJECTION NOT-MAN ON
'

-275 T HPSV INJECTION; LOCKED OFF-

275 F' HPSV INJECTION NOT LOCKED OFF
276 TL-AUX BLDG SPRAYS ON-
276 'F.- AUX BLM SPRAYS OFF
277. T CRD PUMP HAN ON-
277L^F. CRD PUMP NOT HAN ON-

"

1278 :T CRD PUMP LOCKED OFF
2781 F CRD' PUMP NOT LOCKED OFF
279 -Ti OPEN DRYVELL VENT
280 'T CLOSE DRYVELL VENT.
281. T LOCA OUTSIDE OF CONTAINHENT --OPEN

.281 F LOCA OUTSIDE OF CONTAINMENT - CLOSED
-282 T- OPEN.VETVELL VENT
283 T: ~ CLOSE VETWELL VENT
2841 T DRYVELL COOLERS ON
284 ,F DRYVELL COOLERS OFF
285 T AUX CONDENSER'HAN ON-
285 -F. AUX CONDENSER NOT MAN ON
286- T- AUX? CONDENSER MAN OFF
286 F- AUX CONDENSER-NOT MAN'0FF
287. T -' AUX BLDG CO2.ON .

'

287 F AUX BLDG CO2'0FF-
~288~ T- SHUTDOVN COOLING MAN ON
288 :F. SHUTDOVN COOLING NOT MAN ON-~

z
_

; 289. - T -- SHUTD0kNLCOOLING MAN OFF.

- ' 289- F 'SHUTD0VN C00 LING'NOT MAN OFF
.290L T IGNITORS FORCED ON
~290' F ; IGNITORS NOT FORCED ON
291 -1 HECHANISTIC DRTVELL COOLER MAN ON.
291^ O' MECHANISTIC DRYVELL COOLER NOT HAN.ON-

292- 1 : MECHAN 7STIC DRYVELL COOLER 1.0CKED OFF.<

292. 0= HECHANISTIC DRYVELL C ''"R'NOT LOCKED OFF
293' 1: RVCU-MAN ON
293 -0; RVCU NOT:HAN ON-

N -294'.1; FEEDVATER NOT: TRIPPED BY MS1V CLOSURE
-_- 294 0 FEEDVATER TRIPPED BY HSIV CLOSURE
*

T295 17 RCIC FLOV. CONTROL ~ON
-295 0 RCIC FLOV CONTROL OFF
296 Ti BAR GRAPH DISPLAYS ON

'

:296 F' BAR GRAPH' DISPLAYS OFF
297 T- HEAT-UP DISPLAY STATUS ON
297 F HEAT-UP DISPLAY STATUS'OFF

'298 T-. VESSEL DISPLAY STATUS ON-

298~ F ; VESSEL DISPLAY-STATUS.0FF:
:299' T- CONTAINMENT DISPLAY ~ STATUS ON

299 7' CONTAINMENT DISPLAY. STATUS OFF
**' NOTE THIS FLAG IS'SIMILIAR TO 197, IE., THAT IT IS AUTOMATICALLY SET.

- -

** VHEN-VF OR CF IS TRUE'0NLY FOR ONE TIMESTEP. - H0VEVER, THIS FLAG IS
.

. ** USED FOR' RESETTING CUMULATIVE FIGURE OF MERITS HONITORED BY TOPSRT.

' (''/
' C 300 T ' RESET CUMULATIVE FIGURE OF MERITS

's- '301' 1 LPCI LOOP 1 TO RADVASTE - MAN ON
L_ 301 0 LPCIL LOOP 1 TO RADVASTE - NOT MAN ON
,
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302 1 LPCI LOOP 1 TO RADVASTE - LOCKED OFF
302 0 LPCI LOCP 1 TO RADVASTE - NOT LOCKED OFF
303 1 LPCI L0ct 2 TO RADVASTE - MAN ON
303 0 LPCI_ LOOP 2 TO RADVASTE - NOT MAN ON
304 1 LPCI' LOOP 2 TO RADVASTE - LOCKED OFF
304 0 LPCI LOOP 2 TO RADVASTE - NOT LOCKED OFF
305 1 ISOLATION CONDENSER TUBE RUPTURED
305 0 ISOLATION CONDENSER TUBE NOT RUPTURED
309 1 HYDROGEN MIXING CLOSES UPON CONT. ISOLATION
309 0 HYDROGEN DOES NOT CLOSE UPON CONF. ISOLA 110N
310 1- SECOND DRYVELL PURGE LINE AVAILABLE
310 0 SECOND DRYVELL PURGE LINE NOT AVAILABLE
311 1 HEAT CAPACITY TEMPERATURE LIMIT (HCTL) - ON
311 0 HEAT CAPACITY TEMPERATURE LIMIT (HCTL) - 0FF o

'
312 1 150. COND. MAKEUP VATER - MAN ON

*
312 0 ISO. COND. MAKEUP VATER - MAN OFF
320 T PRINT AND RESTART THIS TIMESTEP
400 1 TIME STEP BURNING IN CA - FLAG ON
400 0 TIME STEP BURNING IN CA - FLAG OFF
401 1 TIME STEP BURNING IN CB - FLAG ON
401 0 TIME STEP BURNING IN CB - FLAG OFF +

402 1 TIME STEP BURNING IN DRYVELL - FLAG ON 3

402 0 TIME STEP BURNING IN DRYVELL - FLAG OFF .

403 1 TIME STEP BURNING IN PEDESIAL - FLAG ON
403 0 TIME STEP BURNING IN PEDESTAL - FLAG OFF
404 1 TIME STEP BURNING IN VETUELL - FLAG ON
404 0 TIME STEP BURNING IN VETVELL - FLAG OFF
END
**

***********************************++****************f******************

* FISSION PRODUCTS
***********w***********************>.************************************

** INITIAL FISSION PRODUCT MASSES IN CORE REGION
01 935.82 Xe
02 62.15 Kr
03 40.12 1

04 56.44 Rb
05 500.44 Cs
06 151.68 Sr
07 253.97 Ba
08 87.52 Y

09 237.65 La
10 645.72 Zr
11 .24 Nb
12 573.19 Mo

13 142.20 Tc
14 416.00 Ru

15 .24 Sb
16 84.44 Te
17 503.09 Ce
18 194.44 Pr
19 655.20 Nd &
20 130.07 Sm W
21 .24 Np
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28. 25?0.S6 B4C
**- .FOR DF VALUES 3 ENTER-ti VALUE CL 1 OR SET EQUAL TO O TO HAVE CODE
** -CALCULATE THCH
~** DF-1 ASSUMED FOR NOBLE GASES
** DF-1000 ASSUMED FOR~ALL.0THER VAPORS4 +

[31 0. FDFSP5DRYVELL VENTS DECONTAMINATION FACTOR
.32' - 0. - 'FDFRV SRV DECONTAMINTION FACTOR

~ 33 0.028 FP GRP #1, NOBLES

34' O.151 FP GRP #2, CSI

35_ 0.0194 FP GRP #3, TE02
36 -0.062 FP GRP #4, SR0

37- 0.05 'FP GRP #5, M002

38 0.1 _FP GRP #6, CSOH

39 0. FP GRP #7, BAO

40 .0.- FP GRP #8, LA203

g _41 -0; FP GRP #9, CE02

| 42 - 0. FP GRP #10, SB

|: _43 0.0194: FP GRP #11,'TE2-

44~ -0. FP GRP #12, UO2,

**

************************************************************************
*BEATUP-
****f*****************************k*************************************:() 01; 12.57 XZFUEL: ' LENGTH OF ACTIVE FUEL'
02- .0174- XRFUEL= RADIUS =0F FUEL PELLET ITO THE-CLAD VITH NO GAP)'

03- .00267. XTCLADT THICKNESG'0F CLADDING
104 -72987.2 MZRCAN TOTAL MASS OF ZR'IN ASSEMBLY CAN
-05 0.0 MBCR NOT USED
06' .0100 XZRCAN :CAN VALL [HICKNESS ,

c.
** N0DE 1,1 IS BOTT0H-CENTER, 1,10_IS TOP-CENTER, 2,1 IS SECOND RADIAt,

'** RING:0UT FROM-CENTER AT THE BOTTOM OF THE CORE, ETC
07 .772 -FPEAK(1, 1). PEAKING FACTOR F0k NODE (1, 1)

~08 c '. 7 96 LFPEAK(2, 1) PEAKING' FACTOR FOR N0DE-(2, 1)

09~ .930f -FPEAK(3, 1) PEAKING-FACTOR FOR NODE (3, 1)

t10 .647 FPEAK(4, 1) PEAKING' FACTOR.FOR NODE (4, 1)

11; _ _.308; FPEAK(5, 1)1 -PEAKING FACTOR FOR:N0DE (5, 1)
151 1.384 |FPEAK(1, 2). PEAKING ~ FACTOR FOR N0DE (1, 2) ,

|16- 1.400- FPEAK(2, 2)- PEAKING FACTOR FOR N0DE'(2, 2)
<

J17 1.649 FPEAK(3, 2) TEAKING FACTOR FOR NODE-(3, 2)

18_ -1.244' FPEAK(4, 2) PEAKING _ FACTOR-FOR N0DE (4, 2)

E19 .566 FPEAK(5, 2) PEAKING FACTOR _FOR NODE (5,-2)

23!- 1.459 FPEAK(1, 3) -PEAKING FACTOR FOR N0DE (1, 3)

24 1.402 -FPEAK(2, 3)' ' PEAKING FACTOR FOR N0DE (2, 3)
:25 -1.573" -FPEAK(3, 3) _ PEAKING FACTOR FOR NODE-(3, 3)

26 '1.364 FPEAK(4, 3) PEAKING FACTOR FOR NODE (4, 3)

. 27 .669 FPEAK(5, 3) PEAKING FACTOR FOR N0DE (5,. 3)

: 31. _1.378 FPEAK(1,~4). -PEAKING FACTOR FOR NODE (1, 4)'

321 '1L369- FPEAK(2, 4) -PEAKING FACTOR FOR-NODE (2, 4)
.. :

f('' - '33~ 1.442 -FPEAK(3, 4) ' PEAKING FACTOR FOR-NODE (3, 4)
~

-34 1.260 FPEAK(4, 4) PEAKING FACTOR FOR N0DE (4, 4)'

g
L 35 .689 FPEAK(5, 4) PEAKING FACTOR FOR NODE (5, 4)

|
.
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39 1.290 FPEAK(1, 5) PEAKING FACTOR FOR NODE (1, 5)

40 1.270 FPEAK(2, 5) PEAKING FACTOR FOR NODE (2, 5)
'

41 1.332 FPEAK(3, 5) PEAKING FACIOR FOR NODE (3, 5)

42 1.156 FPEAK(4, 5) PEAKING FACTOR FOR N0DE (4, 5) !

43 .668 FPEAK(5, 5) PEAKING FACTOR FOR N0DE (5, 5) |

47 1.238 FPEAK(1, 6) PEAKING FACTOR FOR NODE (1, 6)

48 1.207 FPEAK(2, 6) PEAKING FACTOR FOR N00E (2, 6)

49 1.259 FPEAK(3, 6) PEAKING FACTOR FOR NODE (3, 6)

50 1.082 FPEAK(4 6) PEAKINC FACTOR FOR NODE (4, 6)

51 .645 FPEAK(5, 6) PEAKING FACTOR FOR NODE (5, 6)

55 1.210 FPEAK(1, 7) PEAKING FACTOR FOR NODE (1, 7)

56 1.178 FPEAK(2, 7) PEAKING FACTOR FOR NODE (2, 7)
<

57 1.207 FPEAK(3, 7) PEAKING FACTOR FOR NODE (3, 7)

58 1.020 FPEAK(4, 7) PEAKING FACTOR FOR N0DE (4, 7)

59 .621 FPEAK(5, 7) PEAKING FACTOR FOR N0DE (5. 7)
63 1.168 FPEAK(1. 8) PEAKING FACTOR FOR NODE (i, 8)

64 1.220 FPEAK(2, 8) PEAKING FACTOR FOR NODE (2. 8)
l 65 1.136 FPEAK(3, 8) PEAKING FACTOR FOR NODE (3, 8)

66 .926 FPEAK(4, 8) PEAKING FACTOR FOR N0DE (4, 8)

67 .573 FPEAK(5, 8) PEAKING FACTOR FOR NODE (5, 8)

71 1.049 FPEAK(1, 9) PEAKING FACTOR FOR NODE (1, 9)

72 1.059 FPEAK(2, 9) PEAKING FACTOR FOR NODE (2, 9)

73 .919 FPEAK(3, 9) PEAKING FACTOR FPR NODE (3, 9)

: 74 .729 FPEAK(4, 9) PEAKING FACTOR FOR N0DE (4, 9)i

75 .465 FPEAK(5, 9) PEAKINC FACTOR FOR NODE (5, 9)

79 .544 FPEAK(1,10) PEAKING FACTOR FOR NOCE (1,10)

80 .519 FPEAK(2,10) PEAKING FACTOR FOR NODE (2,10) i

81 .438 FPEAK(3,10) PEAKING FACTOR FOR NODE (3,10)

82 .344 FPEAK(4,10) PEAKING FACTOR FOR NODE (4,10)

83 .228 FPEAK(5,10) PEAKING FACTOR FOR NODE (5,10)

87 :'O XCHIM UNHEATED FUEL LENGTH AB0VE TAF

88 .000125 XIZROX INITIAL CLADDING OXIDE THICKNESS
89 2531. MBCBLA MASS OF B4C IN ALL CONTROL BLADES

'

!

90 36370. MSSB' A MASS OF STAINLESS STEEL IN ALL CONTROL BLADES
91 .74 MFFESS FRACTION OF FE IN STAINLESS STEEL
92 .18 MFCRSS FRACTION OF CR IN STAINLESF STEL.
93 .08 MFNISS FRACTION OF NI IN STAINLEFS STEEL i

94 2600. TCBMP MELTING POINT OF CONTROL BLADE

| ************************************************************************
*HTSINKS
*****************************************************A******************
01 1600. AHS1 AREA 0F VALL #1

t-

! 02 9313. -AHS2 AREA 0F VALL #2
03 6086. AHS3 AREA 0F VALL #3
04 10372. AHS4 AREA 0F VALL #4
05 15637. AHS5 AREA 0F VALL #5
06 40100. AHS6 AREA 0F VALL #6
07 3.8 AHS7 AREA 0F VALL #7 i

'

;

| 08 9740. AHS8 AREA 0F VALL #8
09 1.427 KHSI- THERMAL CONDUCTIVITY OF VALL #1

| 10 .80 KHS2 THERMAL CONDUCTIVITY OF VALL #2

| 11 1.49 KHS3 THERMAL CONDUCTIVITY OF VALL #3 |h
12 26.0 KHS4 THERMAL CONDUCTIVITY OF WALL #4

|
1
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1 13 L26.0- KH S5 -. THERMAL CONDUCTIVITY O' VALL #52/

|

1 J 14- 26.0 KHS6 THERMAL CONDUCTIVITY Of VALL #6
~~ '

.15- ::2610; KHS7 LTHERMAL CONDUCTIVITY OF VALL #7
16- . 80 KHS8 THERMAL CONDUCTIVITY OFf.'ALL #8
17- -6.0- XHS1 THICKNESS OF )ALL-#1
18 15.0 - XHS2 THICKNESS OF.VALL #2 ;

19 /5.0 -XHS3' THICKNESS OF VALL #3
20- .125 XHS4~ THICKNESS OF VALL #4

-21 .125 XHS5 THICKNEG5 OF VALL #5
22 .125 XHS6 -THICKNESS OF VALL #6g

23 .125- XHS7 THICKNESS OF VALL #7
24 L3.6 XHS8 THICKNESS OF VALL #8 .

25 .0833 XLHSIl INNER LINER THICKNESS FOR VALL #1
:26 .0208- XLHSI2 INNER LINER = THICKNESS FOR VALL #2
27 .041 XLHSI3 INNER LINER THICKNESS FOR VALL #3
28 .00067 -XLHSI4 INNER LINER THICKNESS FOR VALL #4
29 .00067- XLHSIS ' INNER' LINER THICKNESS FOR VALL #5
30' .00067 XLHSI6 INNER LINEH THICKNESS FOR VALL #6
31 .00067 XLHSI?- INNER LINER THICKNESS FOR VALL #7

13 2 .0- XLHSI8 INNER-LINER THICKNESS FOR VALL #8
-

33- ;O833 -XLHS01- OUTER LINER THICKNESS FOR VALL #1
,34- .0 XLHS02 OUTER' LINER THICKNESS FOR VALL #2-

35- :.0237 XLHS03 OUTER LINER THICKNESS'FOR'VALL #3
36 .0- XLHSO4 OUTER LINER THICKNESS FOR VALL #4

;3! .0 -XLHS05 OUTER LINER THICKNESS FOR VALL #5
38- .0 XLHS06' LOUTER LINER THICKNESS FOR VALL #6:

', j39 .0 XLHS07 ~ OUTER LINER THICKNESS FOR VALL #7
401 . .0 XLHS08 o0 UTER LINER THICKNESS FOR VALL #8'

,411 r162. OHS 1 -DENSITY OF VALL #1
42= 150. DHS2 . DENSITY OF VALL #2 ,

43- 154 DHS3- DENSITY OF VALL #3'
44 490. DHS4 DENSITY OF VALL #4
45 - 490.' DHS5 DENSITY OF VALL #5
46- 490. DHS6 ' DENSITY OF VALL #6
47 490. :DHS7 DENSITY-0F VALL #7-
48 150. DHS8c DENSITY OF VALL #8

-49 .190 -CPHS1 SPECIFIC HEAT FOR'VALL #1
50 .193 CPHS2 SPECIFIC HEl.T FOR VALL #2

.51 . 191 -CDHS3 SPECIFIC HEAY FOR VALL #3
.52 .110 71S4 SPECIFIC HEAT FOR VALL #4
53' .110 Ph SL : SPECIFIC HEAT-FOR VALL #5
54 .110 ,PHSs SPECIFIC HEAT-FOR VALL #6
55: .110 CPHS7 SPECIFIC HEAT FOR VALL- #7 -
.56 .193- CPHS8 ' SPECIFIC HEAT'FOR VALL #8 "

**ALL 0F THESE EQUIPMENT HEAT SINKS - ARE LOCATED IN GAS VOL. OF COMPARTMENT
L57 40- l!EOPD MASS OF EQUIPMENT IN PEDESTAL
58 3420000.: MEODV MASS.0F EQU1PHENT-IN DRYVELL
59. 100000. MEQUV- HASS OFJEOUIPMENT IN VETVELL
60 439000. MEOCA MASS OF EQUIPMENT IN COMPT A

-- 61 3900000. MEQCB MASS OF EQUIPMENT IN COMPT B
'62 .0 AEOPD AREA 0F:EOUIPMENT IN PEDESTAL

.

/ - 63- 46000. AE0DV ~ AREA OF EQUIPMENT IN DRYVELL,

*\ - '64 85782. AE0VV AREA 0F EQUIPMENT IN VETVELL2

:65 60600, - AEQCA AREA 0F EQUIPMENT IN-COMPT A<
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66 11600. AEOCB AREA 0F EQUITHENT IN_ COMPT B 3

67 .0 HTOUTV HEAT TRANSFER COEFF. AT OUTER VALL
68 .0 RGAPIl INNER LINER TO VALL GAP RESISTANCE #1 ,

'

69 .0 RGAP12 INNER LINER TO VALL GAP RESISTANCE #2
70 .0 RGAPI3 INNER LINER TO VALL GAP RESISTANCE #3
71 .0 RGAPI4 INNER LINER TO VALL GAP RESISTANCE #4
72 .0 RGAPIS INNER LINER TO VALL CAP RESISTANCE #5
73 .0 RGAPI6 INNER LINEF TO VALL GAP RESISTANCE $6
74 .0 RGAPI7 INNER LINER TO VALL CAP RESISTANCE #7
75 .0 RGAPIB INNER LINEh TO VALL G.iP RESISTANCE #8
76 .0 RGAP01 OUTER LINER 10 VALL GAP RESISTANCE #1
77 .0 RGAP02 OUTER LINER TO VALL GAP R6SISTANCE #2
78 .0 RGAP03 OUTER LINER TO VAll GAP RESISTANCE !3
79 .0 RGAPO4 OUTER LINER TO VALL GAP RESISTANCE 14
80 .0 RGAP05 0 UTER LINER TO VALL GAP RESISTANCE #5
81 .0 RGAP06 0 UTER LINER TO VALL GAP RESISTANCE #6
82 .0 RGAP07 OUTEP cINER TO VALL GAP RESISTANCE #7
83 .0 RGAP08 OUTER LINER TO VALL GAP RESISTANCE $8
84 .0 ME0VVS MASS OF EQUIP. HEAT SINK VETVELL (SUBHERGED)

| 85 .0 AE0VVS AREA 0F E001P. HEAT SINK VETVELL (SUBMERGED)
'

86 .0 XTGAPI GAP THICKNESS FROM LINER TO VALL FOR #1
87 .0 XTGAP2 GAP THICKNES:: FROM LINER TO VALL FOR #2
88 .0 XTGAP3 GAP THICKNPS3 FROM LINER TO VALL FOR #3
89 .0 XTGAP4 GAP THICKNESS FROM LINER TO VALL FCd #4
90 .0 XTGAP5 GAP THICKNESS FROM LINER TO VALL FOR #5
91 .0 XTGAP6 GAP THICKNESS IROM LINER TO VALL FOR #(
92 .0 XTGAP7 GAP THICKNESS FROM LINER TO VALL FOR #7 .

93 .0 XTGAP8 GAP THICKNESS FROM LINER TO VALL FOR #8
94 .0 ZEOPD AVERAGE HEIGHT OF PEDESTAL EQUIPMENT
95 49. ZEODV AVERAGE HEIGHT OF DRYVELL EQUIPMENT
96 14. ZE0VV AVERAGE HEIGHT OF VETVELL EQUIPMENT - CAS SPACE
97 13.7 ZE0VVS AVERAGE HEIGH * OF VETVELL EQUIPMENT - SUBMERGED
98 21. ZEOCA AVERAGE HEIGPT OF COMPT A EQUIPMENT
99 48. ZEOCB AVERAGE HEIGHT OF COMPT B EQUIPMENT
**

************************************************************************

* INITIAL CONDITIONS
***********************************+************************************

01 12.212E9 OPOVER CORE POVER
02 1039.6 PPS0 INITIAL PRESSURE IN PRIMARY SYSTEM
03 14.7 PPD 0 INITIAL PRESSURE IN PEDESTAL
04 14.7 PDVD INITIAL PRESSURE IN DRYVELL
05 14.7 PVVO INITIAL PRESSURE IN VETVELL
06 593.083 ZSPDVD INIT.ELEV. OF VATER LEVEL IN DV SIDE OF SUPP. POOL
07 593.083 ZSPVVO INIT.ELEV. OF VATER LEVEL IN PC SIDE OF SUPP. POOL
08 145. TPD0 INITIAL TLMPERATURE IN PEDESTAL
09 144. TDVD INITIAL TEMPERATURE IN DRYVELL
10 89. TVVO INITIAL TEMPERATURE IN VETVELL
11 89. TVSP0 INITIAL TEMPERATURE OF SUPPRESSION POOL VATER
12 651.615 ZVSH0 INITIAL ELEVATION OF VATER IN THE SHROUD
13 4524727. MVCB0 MASS OF V ATER IN UPPER POOL (HARKIII ONLY)
14 33343. VCST0 VOLUME OF VATER IN CONDENSATE STORAGE TANK

********w***************k***********k***********************************
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k. ,)i **@@@ REV 5/6 ADDITION, NEV SECTION FOR USER-INPUT TIMESTEP CONTROL
- -,,

** INTEGRATION CONTROL
1 **

'

** SI: units only allowed
'

**-

'** ALLOVED SYNTAXES:-
** 3

** 1. Fractional change limitation:

** INDEXL R X-NAME.F-NAME F-CHANGE X-MIN X-MAX TRUE #1 FALSE #2
** vhere -
** INDEX = index cf limiting variable

-

R i a fractional change (ie, a rate) limitation-**
** X-NAME state or aux variable name

e ** F-NAME = rate of change variable _name_
** F-CHANGE = fractional change-
** .X-MIN = minimum x value for limitationt

h ** X-MAX-= maximum x value.for limitation
I ** The."TRUE #1" & " FALSE #2" are optional:-

|- **LTRUE #1 - used when event #1-true
L ** FALSE #2 - used when event 182 false
L ** vhen code #1 is true-the control is on

**-when-code'#2 is false-the control is on
** either "TRUE" or " FALSE", or.both "TRUE" & " FALSE" conditions-

**-can be used
..[ L ** Examples-.

' M'1 - **11 R==MVCOR FMVCOR 0.04- ').E3 1.E10 FALSE 8
. L** timestep limiting variable 1 is M9COR, rate of change FMVCOR

** its fractional change is 44% maximum during a timest p
** if.MVCOR < l.e3 kg it'is not used to limit the timestep
** ifLHVCOR > 1.e10 kg it is not used'to limit'the timestep
**-it is used when event code 8 is false, le reactor vessel intact

_

**

1**: 2.-iThreshold:specified explicitly:
** INDEX= T X-NAME F-NAME THRESH ~
c** INDEX -T+ X-NAME F-NAME THRESH-

t
._

| . ** INDEX T- 'X-NAME F-NAME THRESH,

** where -
L ** TL=:a threshold limitation both_ ascending and descending
jJ ** T+ =can ascending threshold limitation
(; ** T --a descending threshold limitation
L -** THRESH ='the threshold value
i ** Example:
l' 1** 2 T4 PPS FPPS '7.75E6
L i**.timestep limiting variable 2 is PPS, rate of change-is FPPS

the timestep-vill be limited if PPS' attempts-to cross 7.75 MPa'**

in_an ascending. manner (ie, as if a. relief. valve vere to open)**

-** 3. Th'reshold:specified by reference to parameter input:
c _

** INDEX. T :X-NAME F-NAME T-NAME- ,

-

- 1** vhere:
A ** T-NAME e the' variable name for the threshold

** Example:-
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** 3 T+ PPS FPPS PSRV1
** timestep limiting variable 3 is PPS, rate of change is FPPS |h
** the timestep vill be limited if PPS attempts to cross PSRV1

in an ascending manner (ie, as if a safety valve vere to open)**

** and PSRV1 is input in the parameter file already as the
** safety valve setpoint
**

* INTEGRATION
**

** CRITICAL QUANTITIES FOR TIME LOST INFORMATION
**

** CATEGORY 1 -- GAS MASSES & TEMPERATURES
1 R MGPS FMGPS 0.04 1.El 1.E10
2 R TGPS FTGPS 0.05 1.E2 1.E4
3 R MGPL FMGPD 0.04 1.El 1.E10
4 R TGPD FTGFD 0.05 1.E2 1.E4
5 R MGDV FMGDV 0.04 1.El 1.E10
6 R TGDV FTGDV 0.05 1.E2 1.E4
7 R MGVV FMGVV 0.04 1.El 1.E10
8 R TGVV FTGVV 0.05 1.E2 1.E4
9 R MGCA FMGCA 0.04 1.El 1.E10
10 R TGCA FTGCA 0.05 1.E2 1.E4
11 R MGCB FMGCB 0.04 1.El 1.E10
12 R TGCB FTGCB 0.05 1.L2 1.E4
** CATEGORY 2 ---VATER MASSES, ETC.
13 R MVPD FMVPD 0.04 1.E4 1.E10
14 R MVDV FMVDV 0.04 1.E4 1.E10
**15 MSPDV = mass of water in vetvell dovncomers (not used)
.16 R MSPVV FMSPVV 0.04 1.E2 1.E10
17 R MVCOR FMVCOR 0.04 1.E3 1.E10 FALSE 8
18 R MVOSH FMVOSH 0.04 1.E3 1.E10
19 R MVJET FMVJET 0.04 1.E2 1.E10
20 R .XROF- -FXROF 0.04 1.E-3 1.E3
21 R MWAC FMVAC 0.04 1.E10 1.E15
** CATEGORY 3 -- CRUST THICKNESSES
**22 XUCPD = upper debris crust thickness in pedestal (not used)
**23 XLCPD = lover debris crust thickness in pedestal (not used)
**24 XUCDV = upper debris crust thickness in dryvell (not used)
**25 'XLCDV = lover debris crust thickness in dryvell (not used)
**26 _XUCVV = upper debris crust thickness in vetvell (not used)
**27 XLCVV = lover debris crust thickness in vetvell (not used)
** CATEGORY 4 -- HARDVIRED AS IN CRIGINAL INTGRT
**28 DEBRIS INTERNAL ENERGY IN PEDESTAL
**29 DEBRIS INTERNAL ENERGY IN DRYVELL
**30 GAS MASS IN AUX BLDG
**31 GAS TEMP IN AUX BLDG
**32 SUBROUTINE HEATUP REQUIRED TIME STEP
**33 RPV CIRCULATION REQUIRED TIME STEP
**

END
**

********************kt**************+******************************************

* ISOLATION CONDENSER
***********************A*******************ik**********************************
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01 -1. .VOLIC VOLUME OF ISOLATION CONDENSER

O- ** SPECIFY'A NEGATIVE VOLUME TO INDICATE ABSENCE OF 88 4

** ISOLATION CONDENSER IN THE PLANT- 88 j

02 0 .~ -HVICI INITIAL MASS OF VATER IN ISOLATION CONDENSER
03 0. TVICI ~ INITIAL VATER TEMPERATURE IN ISOLATION CONDENSER
04. O. -PPSIC(l)
05 0. PPSIC(2) TABLE OF
06 0. PPSIC(3) !

07 -0. PPSIC(4)= ISOLATION CONDENSER. HEAT REMOVAL RATE

108 0. =PPSIC(5)
09 0. PPSIC(6)- VS. |
10' O. -PPSIC(7)
11 0. PPSIC(8) PARTIAL PRESSURE OF STEAM IN PRIMARY SYSTEM
12_ 0. 01C1(1)

:13 0. 01Cl(2)
14- -0. 01C1(3) THE HEAT REMOVAL RATE BECOMES ZERO VHEN THE TUBES
15 0. 01C1(4) ARE UNCOVERED OR VHEN TUBES RUPTURE. ;

16 0. 01C1(5)
17 0. 01C1(6) .

,

18 0. 0101(7)
19 0. OIC1(8)-
20 0. ZVMAKE- VATER LEVEL TO VHICH THE MAKE-UP VATER FILLS THE IC
11 0. VVMAKE- FLOV RATE OF HAKE-UP VATER
22 0. HVMAKE ENTHALPY OF-HAKE-UP VATER

'24 0. PICI -INITIAL PRE 3SURE INSIDE THE ISOLATION CONDENSER
25 0. ARUPIC TUBE RUPTURE-AREA

O 26 0. XZRUP HEIGHT OF THE TUBE RUPTURE ABOVE THE FLOOR OF IC -

27' O.. -AVEN AREA 0F THE ISOLATION CONDENSER VENT
,

**' -THIS VENT-IS OPEN TO AMBIENT
28 O. XVICl(1)
29- 0. XVICl(2) TABLE OF

30 0. XVICl(3)
VATER HEIGHT IN ISO. COND.31 0.- XVICl(4)_

32: 0. XVICl(5)
** VS,

33 0. FVICl(1)
34- 0. FVICl(2) FRACTION OF TUBE H.T. AREA COVERED
35 O. FVICI(3) '

36 0. FVICl(4)
37| 0. FVICl(5)
**

38 0. XVIC2(1)
39 0. XVIC2(2) -TABLE OF
~40 0. XVIC2(3)
41 0. . XVIC2(4) _ VATER HEICHT IN ISO. COND.

;42 0.- XVIC2(5)
**- VS.

43 0.- VOLV2(1)1

44 0. VOLV2(2) VOLUME OF VATER IN ISO CON.
' 45 10. VOLV2(3)

- - - 46 - 0. VOLV2(4)-
L 47- O. VOLV2(5) <------THIS P.UST BE SAME AS 'VOLIC'

**-/ .

************************************************************************
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*MODEL-PARAMETERS FOR BVR

|||************************************************************************
01 .005DO FRCOEF FRICTION COE*FICIENT FOR CORIUM DISCHARGED

FROM VESSEL AS CALCULATED IN SUBROUTINE VFAIL**

02 .10D0 FMAXCP ONCE THE CORE FRACTION MELTS TO A VALUE BELOV
FMAXCP,THE REMAINDER OF THE CORE SLUMPS TO THE**
LOVER PLENUM TO FAIL THE CORE PLATE**

03 8.8DO HTBLAD FUEL CHANNEL TO CONTROL BLADE HEAT TRANS. COEFF

04 52.8DO HTFB NON-RADI ATIVE FILM BOILING HEAT TRANS. COEFF.
05 10.D0 FDF1 DF FOR VATER POOLS OVER CORE DEBRIS (EXCLUDING

SUPPRESSION POOL) 0F 1 METER DEPTH**

06 0.02D0 FEFFDR DROP COLLECTION EFFICIENCY FOR SPRAY SVEEP-00T

07 2240.00 TCLMAX CLAD FAILURE TEMP TO BEGIN FISSION PRODUCT REL

12 .1DO FTENUR UN0XIDIZED ZR MASS FRACTION LIMIT.
THIS APPLIES TO NUREG-0772/ KELLY FISSION PRODUCT**

** RELEASES CALC'S ONLY. (SEE MODEL PARAMETER
** FPRA1 #41 BELOV) IF CALC'D UN0XIDIZED ZR NODAL

MASS IS GREATER THAN THIS LIMIT, THEN THE TE**
RELEASE RATE IS LIMITED, OTHERVISE THE TE RELEASE**

RATE IS NOT AFFECTED AS RECOMMENDED IN NUREG-0956.**

EEPERIMENTAL EVIDENCE HAS SHOVN THAT SIGNIFICANTi **

AMOUNT RELEASED TE TENDS TO BIND VITH UNOXIDIZED ZR.'

**

THIS PARAMETER IS NOT TO BE CONFUSED VITH MODEL**

PARAMETER FTFREL (#43) BELOJ.**

13 1.0D SCALFP FISSION PROJDCT RELEASE RATES DIVIDED BY THIS VALUE
** IN FPRATB
14 176.00 HTCMCR CORIUM-CRUST HEAT TRANSF COEFF. USED IN DECOMP
15 0.16D0 XCMX MINIMUM CORIUM THICKNESS ON DRYVELL FLOOR AND PED
** FLOOR (MARK II ONLY) [ DUMMY]
16 0.0300 XDCMSP PARTICLE SI7E (DIAMETER) FOR CORIUM AS IT FALLS

INTO SUPPRESSION POOL (MARK II ONLY) (DUMMY)**

17 2.78D-3 TDSTX TIME DELAY AFTER CORIUM CONTACTS FLOOR TO TRIGGER
** STEAM EXPLOSION

18 1.53D0 FCHTUR CHURN-TURBULENT CRITICAL FLOV PARAMEIER

19 3.7DO FDROP DROPLET CRITICAL FLOV PARAMETER

20 3.D0 FFLOOD FLOODING FLOV PARAMETER

21 1.35 FSPAR PARAMETER FOR BOTTOM-SPARGED STEAM VOID FRACTION

22 3.D0 FVOL PARAMETER FOR VOLUME SOURCE VOID FRACTION MODEL

23 1.4D-4 T1ENTR ENTRAINMENT EFFECTIVE EMPTYING TIME
GIVEN THAT CORIUM AND VATER ARE ENTRAINED FROM PEDESTAL**
HOV LONG VILL IT TAKE TO EXPELL ENTIRE MASS**

24 .90D0 EV EMISSIVITY OF VATER
25 .80D0 EVL EMISSIVITY OF VALL
26 .85D0 ECM EMISSIVITY OF CORIUM
27 .6DO EG EMISSIVITY OF GAS
28 .85D0 EE0 EMISSIVITY OF EQUIPMENT
29 0.5D0 F0VER FFACTION OF CORE SPRAY FLOV ALLOVED TO BYPASS CORE
** THIS PARAMETER IS USED TO COMPUTE THE FRACTION OF CORE SPRAY THAT GOES
** INTO THE BYPASS REGION AND REFLOODS THE CORE FROM THE BOTTOM
30 1.D0 NPF NUMBER OF PENETRATIONS FAILED IN LOVER HEAD AT TIME
** OF VESSEL FAILURE

31 2.D0 FCDCDV D0VNCOMER PERIMETER PER METER FROM PEDESTAL DOOR
(MARK II ONLY) [ DUMMY)**

32 0.10D0 FCHF COEFFICIENT FOR CHF CORRELATION IN PLSTM
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33 .70D0 FCDBRK DISCHARGE COEFFICIENT FOR PIPE BREAK

(_, 34 .13D0 FENTR NUMBER TO HilLTIPLY KUTATELADZE CRITERION BY TO
**

REPRESENT DIFFICULTY (GT 1.DO) OR EASE (LT 1.DO)**
FOR HATERI AL 10 BE BLOVN OUT OF CAV11 f

35 1.00 SCALU SCALING FACTOR FOR ALL BURNING VELOCITIES
36 1.00 SCALH SCALING FACTOR FOR HT COEFFICIENTS TO PASSIVE
** HEAT SINKS
37 1.5DO FUMIN CLADDING SURFACE HULTIPLIER TO ACCOUNT FOR POTENTIAL
** CLAD RUPTURE
38 2.5 GSHAPE PARTICLE COLLISION GAMMA SHAPE FACTOR
39 1.0 FSHAPE CHI SETTLING SHAPE FACTOR

|- 40 8.0 FAERDC RATIO 0F AIRBORNE AEROSOL MASS TO THE MASS VHICH
**

VOULD LEAVE YOU IN STEADY-STATE VITH THE CURRENT
**

SOURCE STRENGTH.THIS IS USED TO CONTROL THE SELECTION
**

OF DECAY VS STEADY-STATE AEROSOL SETTLING CORRELATIONS I
41 -1 FPRAT FISSION FR0 DUCT RELEASE CORRE!ATION & CONTROL
** ENTER A VALUE TO SELECT CORRELATIONS:
** +1 OR -1 NUREG-0772 MODEL
** +2 OR -2 IDCOR/EPRI STEAM OXIDATION HODEL
**

ENTER A SIGP TO SELECT RELEASE LIMITATIONS:
**

+ SIGN: RELEASE RATES DEFINED BY CORRELATIONS
**

- SIGN: RELEASES FURTHER LIMITED BY SATURATION
**

VAPOR PRESSURE FOR NONVOLATILES AND STRUCTURE
**

THE + SIGN IS USEFUL VHEN T3E IDCOR BLOCKAGE H0 DEL
** IS SELECTED, SINCE FLOV IN CORE N0 DES CAN GO TO {** ZERO DURING BLOCKAGE, THUS STOPPING RELEASES. l

f-() ** THE - SIGN IS USEFUL VHEN NO BLOCKAGE IC
' ** ALLOVED AND THERE IS ALVAYS BULK FLOV.

** THE + SIGN ALSO IS USEFUL FOR SENSITIVITY.
** THE - SIGN Al.LOVS THE PHYSICAL MECHANISM OF
**

| SATURATION TO BE CONSIDERED FON RELEASE.
** H0VEVER, DIF/USION COEFFICIENTS, VAPOR

i**
PRESSURES AND GE0 METRY ARE QUITE UNCERTAIN . (

42 1.0 FCSIVP GROUP 2 (CSI) & GROUP 6 (CSOH) VAPOR PRESSURE
** MULTIPLIER
** NEG NUMBER USES ANL CSOH VAP PRESS,
** POS NUMBER USES SANDIA CSOH VAP PRESSURE
43 0 FTEREL 0=TE BOUND UP IN ZIRCALOY, 1=NOT BOUND UP
** THIS APPLIES TO CUBICOITTI FISSION PRODUCT
** RELEASES CALC'S ONLY. (SEE MODEL PARAMETER
** FPRAT #41 ABOVE)
44 7.25 PPLUG PRESSURE DIFFERENCE TO BLOV OPEN PLUG IF LEAK PATH HAS
** PLUGGED AS a RESULT OF AEROSOLS
45 0.066 XHLEAK VIDTH OF LEAK PATH
** HAAP ASSUMES THAT THE DRYVELL FAILURE OR LEAKAGE OPENING IS A LONG SLIT
** VITH AREA EQUAL TO ADVLEK(SEE DRYVELL INPUT) AND AN EFFECTIVE VIOTH EQUAL
** TO XHLEAK. BASED UPON THESE TVO VALUES THE LENGTH OF THE SLIT CAN BE
** CALCULATED
46 3121. DKPLUG MOREVITZ COEFF FOR PLUGGING
47 4040. TEUTEC CORE N0DE EUTECTIC TEMPERATURE FOR MELTING NODE
48 107. LHEU LATENT HEAT OF FUSION OF EUTECTIC, [~'N 49 1.0-6 XRSEED SEED RADIUS FOR HYGROSCOPIC FORMATION

's-s} 50 0.D0 TIDCF IF EVENT CODE 216 IS SET TO 1 TO FAIL PEDESTAL
**

DOVNCOMERSTHEN THE D0VNCOMERS VILL FAIL TIDCF
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SECONDS AFTER VESSEL FAILURE

51 .0 ASTBN STRAIN !NDUCED CONTAINHENT FAILURE AREA |k**

FOR MARK III ONLY (VETVELL OR COMPT B) { DUMMY)**

52 1. ADVPR GROSS OVER-PEESSURE CONTAINMENT FAILURE AREA
FOR MARK III ONLY (VETVELL OR COMPT B)**

53 1448. TJBRN JET BURN TEMP: IF GAS JET OUT OF PEDESTAL EXCEEDS
THIS TEMP THEN H2 AND C0 BURN AS IdEY ENTER DRYVELL**

54 .01DO FASI ACTIVITY COEFFICIENT FOR SIO2

55 .05D0 FASR ACTIVITY COEFFICIENT FOR SRO

56 .05D0 FABA ACTIVITY COEFFICIENT FOR BAO

57 1.D-8 FAKO ACTIVITY COEFFICIENT FOR K20

58 0.0 FCRBLK =1 CORE BLOCKAGE / LOCAL NODE CUT-OFF
=0 NO CORE BLOCKAGE / LOCAL NODE CUT-OFF**
-1 NO CORE BLOCKAGE /NO LOCAL CUT-OFF**

59 .33DO FE0 FRUPACHER-KLETT COLLISION EFFICIENCY
(USE .33 FOR P-K MODEL;l FOR FUCHS)**

60 18.D0 FNUDRP NUSSELT NO. VHICH GOVERNS HEAT CONDUCTION INTO
A SMALL DROPLET (EG FROM CONTAINMENT SPRAYS);**
AVAILABLE DATA SUGGESTS THAT A CONSTAVT VALUE IS**
FAIRLY ACCURATE**

61 1310. TAUTO AUT0 IGNITION TEMPERATURE FOR H2 BURNS
A BURN VILL OCCUR IF THE GAS T EXCEEDS THIS VALUE**
NO MATTER VHAT THE H2 CONCENTRATIGN IS**
STEAM MOLE FRACTION TO INERT A H2-AIR-H2O MIXTURE62 0.75 XSTIA
AT INCIPIENT AUTOIGNITION -- AT TEMPERATURES JUST**
BELOV AUT0 IGNITION, THIS STEAM MOLE FRACTION VILL**
PREVENT A BURN.**
OFFSET H2 MOLE FRACTION FOR DEFINITION OF IGNITION63 1.00 DXHIG
DURING A BL8CK0UT SEQUENCE: THIS IS ADDED TO (OR TAKEN**
FROM, IF NEG ATIVE) THE DOVNVARD FLAMMABILITY LIMIT**
IGNITION (GLOBAL BirRNS) VILL OCCUR IF THE H2**

**' MOLE FRACTION EXCEEDS THE LIMIT PLUS THE OFFSET

64 2.0 FLPHI FLAME FLUX MULTIPLIER (BETVEEN 1.0 AND 10.0)
BEST-ESTIMATE USED FOR CONTAINMENTS Vill SPRAYS AND**
FANS OFF IS 2, VHEN FANS OR SPRAYS ARE ON, USE iv.**
IF DIFFUSION BURN ARE EXPECTED, VHEN H2 RATE > .15**
LB/SEC USE 0.25. [REF: EPRI RESEARCH PROJECT, Y101-1,**
THERMAL ANALYSIS OF HYDROGEN DIFFUSION FLAMES IN A 1/4**
SCALE BVR MARK III CONTAINMENT BUILDING, PG 13-3]**

**
****k*******************************************************************
* PEDESTAL
*****/*k*********************k*******kk*********************************
01 293.4 APDF AREA 0F PEDESTAL FLOOR

02 28. APDVT AREA 0F PEDESTAL-DRYVELL OPENING

03 8423. VOLPD FREE VOLUME OF PEDESTAL

04 585.542 ZVPDDV ELEVATION OF VIER VALL

05 3;U.750 ZPDF ELEVATION AT PEDESTAL FLOOR

06 .40 RELHPD F. ELATIVE EUMIDITY IN PEDESTAL

07 .0 NIGPD NUMBER OF IGNITERS IN THE PEDESTAL
AVERAGE DISTANCE FROM FLOOR TO IGNITERS08 .0 XIGPD

10 .0 XVPDVT VIDTH OF FEDESTAL DOOR (MARK II ONLY) |09 .0 NOT USED

AREA 0F DRYVELL TO COMPT A LEAKAGE
j

-11 .0 ADCPD
l
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i

12 .0 NDCPD NUMBER OF PEDESTAL D0VNCOMERS (MARK II)O 13 .0~ FOT USED
-14 301. ASEDPD -AEROSOL SEDIMENTATION AREA
15 .0 'AIMPPD PEDESTAL TOTAL IMPACTION AREA
16. .0' XDIMPD PEDESTAL MINIMUM GRATE DIAMETER (OR THICKNESS)
17 .0- AGRAPD PEDESTAL FLOV AREA THRU GRATE
18 1.E10 ZVPDVV PEDESTAL VETVELL OVERFLOV ELEVATION
19 4.0 -APSUMP PEDESTAL SUMP TOTAL AREA <

20 573.35 ZPSUMP ELEVATION AT BOTTOM OF PEDESTAL SUMP
21 "9 . 8 XRBRPD CHARACTERISTIC RADIUS OF PEDESTAL CAVITY FOR H2 BURNS
22 28.3 XHBRPD CHARACTERISTIC HEIGHT OF PEDESTAL CAVITY FOR H2 BURNS
** THIS IS FLOOR TO CEILING
** <

****kt****************************************************************** 3

** HAAP BVR PLOT FILES
************************************************************************
**

**@@@ REV 5 ADDITION, THIS PLTMAP SECTION IS NEV
** '

** YOU CAN HAVE UP TO 25 PLOT FILES AND UP TO 99 VARIABLES.
'

** BEGIN EACH PLOT - FILE SECTION VITli THE VORK "PLOTFIL" FOLLOVED BY
** THE UNIT NUMBER YOU VANT THE FILE VRITTEN TO. A NEGATIVE UNIT NO.

,

** VILL FORCE BINARY OUTPUT.
**

** NEXT, SELECT THE VARIABLES YOU VANT TO BE PLOTTED BY SIMPLY
** SPECIFYING THE VARIABLE NAMES. PLOT FILES 41 THRU 48 DEFINED BELOV

= b ** ARE' IDENTICAL TO THE "0LD" HARDVIkED MAAP PLOT FILES.,

v. **,

** FOR THE CASE OF A VARIABLE-NOT PRESENT IN THE MAAP COMMON BLOCK BUT
** YOU VANT:TO PLOT IT OUT (nR USE IT IN USER DEFINED EVENTS CODES),

_

** COMMON /XPLTX/_ PLT (500) VAS PROVIDED EXPRESSLY FOR THAT PURPOSE.
** INSERT THE LINE " COMMON /XPLTX/ PLT (500)" INTO THE ROUTINE THAT
** HAS THE LOCAL VARIABLE YOU VANT ".0 SAVE, . AND ASSIGN THE VALUE OF
** THE VARIABLE TO ONE OF THE ARRAY PLT INDICES. THEN SELECT THAT
** ARRAY INDICE TO BE PLOTTED IN THE PLOTFIL SECTION..

** i
**-BE SURE-TO END THIS SECTION VITH THE KEYVORD "END", AND **
**- COMMENTING JS ALLOVED.
**

** A-NEV ADDITION TO THE OLD PLTFIL SCHEME IS THE CONSTRAINTS TO
** THE MINIMUM / MAXIMUM PLOT DT AS= DETERMINED BY THE AUTODT PLOT SCALER.
** PREVIOUSLY UNDER THE OLD AUTODT SCHEME, THE PLOT SPACING BETVEEN THE

**> PLOTTED DATA POINTS CAN BE AS SMALL AS MAAP TIMESTEP OR AS LARGE AS
~

** THE NAAP.RUN TIME. THIS-ADDITION VILL PROVIDE REASONABLE CONTROL OF
** THE VAY PLOTTING DATA -POINTS MAY TURN OUT, EG. , ELIMINATION OF

-

** VERY NOISY.(IE., MANY DATA ~ POINTS OVER SMALL TIME INTERVAL) AND
** VERY COARSE (IE., FEV DATA POINTS SPREAD OVER LARGER TIME INTERVAL)
** PLOTS. . PRESENTLY, THE PLOT FREQUENCY IS SET TO A MINIMUM OF 1 SEC,
** AND MAXIMUM 0F 5 MINUTE AS SPECIFIED BELOV. -SOME MAY FIND THIS ;

** UNSUITABLE AND MAY VANT TO ALLOV LARGER OR SMALLER FREQUENCY. THE

- . ** FORMAT TO SPECIFY THE PLOT FREQUENCY CONSTRAINTS IS
F

I \~ / ** FRE0- (HINIMUM PLOT DT) (MAXIMUM PLOT DT)

L- ..

I
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** VHERE THE. MAX / MIN PLOT DT IS SUPPLIED IN SECONDS. NOTE THAT PLOT

** FREQUENCY CONSTRAINTS APPLIES TO ALL PLOT FILES.

** PLOT FILES CAN ALSO BE SETUP VI A INPUT DECK THROUGH LOCAL PARAMETER
** CHANGE. SIMPLY SPECIFY 25,0,0 F6!. LOVED BY THE SYNTAX EXPLAINED,
** PRACTICALLY IDENTICAL TO THE SEttrc BELOV BUT VITHOUT THE *PLTMAP

'

** LINE) AND BE SURE TO FND PLTMAP INPUT VITH THE KEYVORD END.
**

*PLTMAP
**

PLOTFIL 41 / PERRY PLOT FILE .PL1
**

XCNDVP
XCNPDP.
ZCMDV

ZCHPD
ZVPD
WHPS
WLPS
VVRCI
VVLP1
WLP2
XHCMLP
XVCOR
XVSH
XVJET
XVDV
XSPDV
XSPW
VCRD
PDV

PPD

PPS
PCB

PDVW
QCORE
T15P
T110P
TCMDV
TGDV
TGCA
TCMPD

'
TGPD
TGPS
TVSP
TGCB
TGW
VLCSTP
MGLOBE
MU2CT
MCOGLO
MH2GLO
M02DVP
MSTDVP
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HU2DVPy .-

g~- MCRUST-i -

- MLCMLP-
:HU2PDP

- -VH2COR'
VSTBRK-
WBRK:
VSTCFV~

K .NFCODV
'

,NFC2DV-
NFH2DV
NF02DV
NF3TDV
NFCOCA
NFC2CA

-NFH2CA
,

NF02CA-
NFSTCA
NFCOPD'
NFC2PD

~NFH2PD
NF02PD-
NFSTPD

_ ;
;

NFCOCB - )
NFC2CB

j'..
_ :NFH2CB-

NF02CB-
% .' . NFSTCB-

NFCOW -
- NFC2W

'NFH2W
NF02W:.
NFSTW - |

OTFIL 42 / PERRY PLOT FILF .PL2
~

**-

THCSIP.
FMCNp <

FHCSIV
FHCSIR'
FREL(1)-

- FREL(2)
FREL(3)-

'FREL(4).
FREL(5).
'FREL(6);
FREL(7):
FREL(8)
1REL(9) .

FREL(10).
.FREL(11);.

.FREL(12)
d , MFPTC .4

- HFPTP '
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MFPREX(3)
MFFREX(4)

:
MFPREX(5)
MFPREX(6)
MFPREX(7)
MFPREX(8)
MFPREX(9)
MFPREX(10)
SFPREX(11)
MFPREX(12)
**

ENr? LOT
**

***********************************************************************
* PRIMARY SYSTEM
***********************************************************************
01 79.01 AFLCOR FLOV AREA 0F REACTOR CORE
02 67.17 ALSH FLOV AREA IN LOVER SHROUD
03- 34.77 AFLBYP CORE BYPASS FLOV AREA

'

04 222.81 AUSH FLOV AREA IN UPPER SHROUD
05 47.72 HCRD SPECIFIC ENTHALPY OF FLOV IN CRD TUBES
06 395.96 HFV SPECIFIC ENTHALPY OF FEEDVATER
07 343761. MU2PS TOTAL MASS OF 002 IN CORE

10 8 748 NASS NUMBER OF FUEL ASSEMBLIES IN REACTOR CORE
09 64 NPINS NUMBER OF FUEL RODS IN A FUEL ASSEMBLY
10 177 NCRD NUMBER OF CRD TUBES
11: 5.63 NOFPS IT,NSIBLE ENERGY STORED IN FUEL (FULL POVER SECONDS).
.12 - 9.58E-4 'TDMSIV DELAY TIME FOR MSIV CLOSURE
=13 - .00097 TDSCRM DELAY TIME FOR FULL SCRAM
14 11828. TIRRAD TOTAL EFFECCIVE IRRADIATION TIME FOR CORE

l 15 1460. VVCRDIl CRD_ PUMP CURVE
'

16 2166. VVCRDI2 - VOLUMETRIC FLOV
17 2166. VVCRDI3
18 2166. VVCRDI4
19 -2166. VVCRDIS

L
' 20 2166. VVCRDI6

21 2166. VVCRDI7
22 2166. VVCRDI8
23 1047.7 PCRD1 - PRESSURE
24 14.7 PCRD2

25 14.7 PCRD3
'

26- 14.7 PCRD4

27 14.7 PCRD5

| _2B 14.7 PCRD6

L 29 14-7 PCRD7.

30 14.7_ PCRDS

31- 1.778E7 VFVMAX MAXIMUM FEEDUATER FLOV RATE (RUN OUT FLOV)
_

32- 5.389E6 VBPHAX MAXIMUM TURBINE BYPASS FLOV RATE
33 .1437 NXC0RE EXIT CORE QUALITY A1 TIME ZERO '

34 16.158 XDCORE REACTOR CORE DIAMETER TO INNER SHROUD VALL
35 70.305 .XHRV INTERIOR HEf0HT OF REACTOR VESSEL
36 9.918 XRRV INTERIOR RADIUS OF REACTOR VESSEL
37 616.919 2BJET ELEVATION AT BOTTOM OF JET FUMPS

,

38 609.016 2BRDT ELEVATION AT POITOM OF CRD TUBES
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39 647.844 ZBSEP ELEVATION AT BOTTOM OF STEAM SEPARATORS !1/"'s '
40 605.194 ZBV ELEVATION-AT BOTTOM 0F REACTOR VESSELi, ..

41 622.070 ZC?L ELEVATION AT CORE PLATE
IJ42 631.171 ZTJET ELEVATION AT TOP 0F JET PUMPS

. 43- 12.056 AJET TOTAL AREA 0F JET PUMPS
44 635.282 ZTOAF ELEVATION AT TOP OF ACTIVE FUEL
45~ 657.785 ZTSEP ELEVATION AT TOP OF. STEAM SEPARATORS
46 651.615 ZVNORM ELEV_AT NCRMAL SHROUD LVL (SAME AS INITIAL COND: ZVSHO)
47 619.206 ZLOCA ELEVATION AT. BREAK
48 -2.702 ALOCA AREA 0? BREAR
49 653.574 ZWL8 ELEVATION AT LEVEL L8 TRIP

~50 619.206 ZSRR ELEVATION ON RPV VALL FOR RECIRC PUMP SUCTION PIPE
'

51- 650.040 ZSCRAM LOV VATER LEVEL L3 SCRAM
52 1094.4 PSCRAM HIGH PRESSURE SCRAM SRTPOINT
53 19500 MCSPT MASS OF CORE SUPPORT PLATE
54 .734 TDSLC TIME FOR SCRAM VITH SLC - 1 PUMP
55 .0 TIRR(1) RECIRC PUMP C0AST DOVN CURVE:
56 .0005556 TIRR(2) - TIME AFTER TRIP
57. .001111 TIRR(3)
58 .001667 TIRR(4)
59 002222 TIRR(5)
60 .002778 TIRR(6)

-61- .004167 TIRR(7)'
62 .01111 TIRR(8)
63 1.00 FVRR(1)-
6 4 -- .76-_ FVRR(2)O, ,

65 .58 FVRR(3)
66 .44 FVRR(4)
67 .33 FVRR(5)
68 .25 FVRR(6)
69 .13 FVRR(7)
70- .00 FVRR(8)

i 71 113. HSLC INLET ENTHALPY OF SLC
72 ;14.7 PSI 4(1) SLC FLOV CURVE:
73 214.7 PSLC(2) - PRESSURF'
74 414.7 PSLC(3)
75 -614.7 PSLC(4)
76 814.7 PSLC(%)
77- 1014.7 PSLC(6)
76 1214.7 PSLC(7)
79 1414.7 PSLC(8)-
80 352.9- VVSLC(1) - FLOV
81 352.9 VVSLC(2)-
82 352.9- VVSLC(3)
83 352.9 VVSLC(4)-
E4 349.7 VVSLC(5)
85- 349.7 VVSLC(6)
86_ 349.7 VVSLC(7)
87 349.7 VVSLC(8)
88- 1.2E-5.TDRPT DELAY TIME FOR RECIRC PUMP TRIP

,- . 89 636.474 ZLMSIV LOV VATER' LEVEL L1 FOR'MSIV CLOSURE'

L 90 645.915 ZLRPT LOV VATER L'iVEL L2 FOR RECIRC PUMP TRIP
p <1 91 1.E10 PHRPT HIGH VESSEL PRESSURE FOR RECIRC PUMP TRIP
: 92 16.58 PDVSCM HIGH DRYVELL PRESSURE FOR SCRAM
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93 .031 FERRCH NORMAL FUEL ENRICHMENT |h
94 23121.2 EXPO AVERAGE BURNUP IN MVD/ TONNE

95 .655 FCR PRODUCTION OF U239 TO ABSORPTION IN FUEL

96 1.13 FFAF RATIO 0F FISSILE ABSORPTION TO TOTAL FISSION
97 .70 F0FR1 FISSION POVER FRACTION OF U235 AND PU241

98 .266 F0FR2 FISSION POVER FRACTION OF PU239

99 .08 F0FR3 FISSION POVER FRACTION OF U238

100 1.0000 XPCRDT FITCH OF CRO TUBES

101 .8333 XDCRDT OUTER DIAMETER OF CR0 TUBE

102 54 NINST NUMBER OF INSTRUMENT TUBES

103 .0120 XTHCPD THICKNESS OF CRD TUBE VALL

104 .1692 XDINST OUTER DIAMETER OF INSTRUMENT TUBE

105 .500 XDRIVE LOVER CRD DRIVE OUTER DIAMETER

106 .01627 VVCRD SPECIFIC VOLUME OF CRD VATER

107 .01632 VVCST SPECIFIC VOLUME OF SLC VATER

108 64.7 PADSC DRYVELL PRESS VHICH VILL CLOSE ADS VALVES

109 64.7 PADSO DV PRESS VHICH VILL ALLOV ADS TO RE-0 PEN IF CLOSED

110 .750 XTRV THICKNESS OF LOVER VESSEL HEAD

111 .000000 TIFVCD1 FEEDVATER PUFP C0AST DOVN:

112 .0000278 TIFVCD2 - TIME
113 .000500 TIFVCD3
114 .001111 TIFVCD4
115 .001444 TIFVCD5
116 .001944 TIFVCD6
117 .002333 TIFVCD7
118 .00500 TIFVCD8
119 1.536E7 VFVCD1 - MASS FLOV

120 1.64E7 VFVCD2

121 1.23E7 VFVCD3

122 1.54E7 VFVCD4

123 1.15E7 VFVCD5

124 -3.07E6 VFVCD6

125 .0 VFVCD7

126 .0 VFVCD8

127 809.7 PLMSIV LOV RPV PRESSURE FOR MSIV CLOSURE

128 658.66 ZMSL ELEVATION AT CENTER LINE OF MAIN STEAM LINE

129 28.81 XATVS(1) NSAC 70 ATVS POVER VS RPV LEVEL REFERENED TO BAF

130 12.50 XATVS(2) - REFERENCE TO THE BAF

131 10.00 XATVS(3)
132 8.50 XATVS(4)
133 .0 XATVS(5)
134 .0 XATVS(6)
135 .0 XATVS(7)
136 .0 XATVS(8)
137 .50 FOATVS(1) FRACTION OF TOTAL POWER
138 .206 FOATVS(2)
139 .13 FQATVS(3)
140 .084 FOATVS(4) '

141 .0 FOATVS(5)
142 .0 F0ATVS(6)
143 .0 FOATVS(7)
144 .0 F0ATVS(8)

MASS OF CORE SHROUD FROM TAF TO BOTTOM OF CORE145 55700 MCS

146 31800 MTG MAGS OF CORE TOP QUIDE
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147: 47100~ MSH -MASS OF SHROUD HEAD
sp-s)( 148 70100- :MSP MASS OF STANDPIPES AND SEPARATORS

149 177200 HDR MASS OF STEAM DRYERS
.150 1586000- MUH. MASS OF RPV UPPER HEAD
151 _449200 'MOV MASS OF RPV VALL-FROM HSL ELEVATION TO TAF

"152 352800' MLV _ MASS OF RPV-VALL FROM TAF TO BOTTOM OF JET PUMP
153' 40000- MRR MASS OF RECIRC DISCHARGE PIPING

,154 162500-_ MLH HASS OF RPV; LOVER HEAD
:155= 35800 -MSS MASS OF SHROUD SUPPORT

156 116 XZRR LENGTH OF RECIRC PIPE MODELED

_157 -1.72 XDRR ID OF RECIRC PIPE
|158 9205 ASEP TOTAL SURFACE AREA 0F ALL STANDPIPES + SEPARATORS
159 57.91 AGSEP TOTAL GAS FLOV AREA 0F ALL STANDPIPES
160; 20100 ADR SURFACE ATIA 0F STEAM DRYERS
161 ,10.00 AUDSS FLOV AREA FROM UPPER D0VNCOMER TO SEPARATORS
162 39. AUHUD FLOV AREA FROM UPPER HEAD TO UPPER DOVNCOMER
163 640.564 ZBSTAN. ELEVATION AT BOTTOM OF STANDPIPES (AVERAGE VALUES
164. 1133.83 VSHED TOTAL VOLUME INSIDE SHROUD HEAD
165 2076.27 VSEP. TOTAL ' VOLUME INSIDE STANDPIPES +SEFARATORS
166 675.505 ZTV ELEVATION AT TOP.0F RPV
167- 445200.- 0C0 RPV' CONVECTION LOSSES AT TIME ZERO
168 10- FINPLT REFLECTIVE INSULATION VITH FINPLT PLATES
169 .250 XTINS THICKNESS OF INSULATION
170 .0~ AIMPPS PRIMARY SYSTEM TOTAL IMPACTION AREA

'

171 .0 XDIMPS- PRIMAPY S'.' STEM MINIMUM GRATE DIAMETER (OR THICKNESS) .*

172 .0 AGRAPS PRIMARY SiSTEM FLOV AREA THRU GP. ATE

if. 173' 261 NSEP NUMBER OF STEAM SEPARATORS
176 1.E10 PHY315. HIGH RPV PRPSSURE FOR STARTUP''

-

177 .0 NOT USED
178 -1.E10' ZLY315 LLOV RPV VATER LEVEL ELEVATION TO TRIP 0FF
196 .0 VRRMIN (SVEDISH REACTORS ONLY)
197 20 NJlst - -NUMBER OF JET PUMPS |

~

198. .003- XTJET AVERAGE THICKNESS OF JET PUMP VALL
-199,'676.1 ZSPARG ELEVATION OF RCIC SPARGER
200 .003 XSPARG DROPLET DIAMETER FOR RCIC SPARGER - 1

201- 1.E10 TD315e TIME DELAY FOR ISO CONDENSER - N/A FOR PERRY
'

202- 644.5 ZSPRCS ELEVATION OF LPCS/HPCS SPARGER
203 .0003 XSPRCS DROPLET DIAMETER FOR LPCS/HPCS-SPARGER
**

*************************A************************************H ********

* SUPPRESSION POOL (MARKIII ONLY)~ .

-*****************************************************k******************.

01 482. ASPDV AREA 0F DRYVELL. SIDE OF SUPPRESSION POOL
C2. 5900. ASPVV AREA 0F CONTAINMENT SIDE OF. SUPPRESSION POOL
03 40 NVT1. NUMBER'0F, VENTS OF TYPE #1=- ~ TOP

04 40 'NVT2- NUMBER OF VENTS OF TYPE #2 -- HID
.

!05 40 NVT3 NUMBER OF. VENTS OF TYPE #3 ---BOTTOM!

06' 2.29 XDIAVT DIAMETER OF ONE SUPPRESSION P0OL-VENT

L 177- 591.470 'ZLLSP ELEVATION OF SPMU POOL LOV LEVEL SETPOINT
b 08 587.000. ZVT1. ELEVATION OF TOP 0F VENT TYPE #1

. 09 582.500 ZVT2 ELEVATION-OF TOP OF VENT TYPE #2

|' d~N - 10 578.000 ZVT3 ELEVATION OF TOP OF VENT TYPE #3
**-

3
.

-**********************************************************k*************
_
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* TIMING DATA
|g************************************************************************

01 20.00 - TDMAX MAXIMUM ALLOVED TIME STEP
02 1.D-3 TDMIN MINIMUM AL10VED TIME STEP
03 2.50-2 FMCHMX MAXIMUM MASS CHANGE (%) FOR INTEGRATION
04 2.5D-2 FUCHMX MAXIMUM GAS TEMP CHANGE FRACTION FOR INTEGRATION
05 2.5D-2 MDFPMN HIN FISS PROD MASS ALLOVED TO CONTROL TIME STEP
**

************************************************************************
* TOPOLOGY
****,*******************************************************************

**

**THIS SECTION DEFINES THE VAYS THAT THE VARIOUS AUX NODES ARE CONNECTED
**TOGETHER--THERE ARE THREE FORMATS FOR ENTERING DATA THAT ARE DESCRIBED
**BELOV; THE LAST CARD IN THIS SECTION MUST BE "END"
**

1. " JUNCTION" CARDS--THIS IS DEFINED BY A CARD VITil A "J" IN COLUMN**

** 1 FOLLOVED BY A CARD VITH THE FOLLOVING INFORMATION:
** A. N0DE NO. OF THE VOLUME ON THE UPSTREAM SIDE OF JUNCTION:
** B. NODE NO. OF DOVN5TREA LUME;
** C.1 IF JUNCTIch IS IN A <IZONTAL VALL (IE FLOV IS VERTICAL,
** USE O IF JUNC? ION IS IN A VERTICAL VALL);
** D. ELEVATION OF THE BOTTOM OF THE JUNCTION ABOVE THE FLOOR
** OF THE UPSTREAM N0DE; ,

** E. FACING THE HOLE, THE VIDTH OF JUNCTION;
** F. FACING THE HOLE, THE HEIGHT OF JUNCTION:
** G. LENGTH OF JUNCTION;
** H. AREA 0F JUNCTION
**

|
** NOTE: IF VIDTH-HEIGHT, THE JUNCTION IS ASSUMED CIRCULAR, OTHERVISE

RECTANG'lLAR (USE VIDTH SLIGHTLY DIFFERENT THAN HEIGHT FOR SOUARE)**

** EVEN IF THE JUNCTION IS REf.1 ANGULAR, THE ARE L CAN BE DIFFERENT
THAN THE PRODUCT OF LENGTH AND VIDTH IF THE JUNCTION REPRESENTS THEw*

SUM OF SEVERAL HOLES WHICH HAVE THE SAME ELEVATION, ETC.**

**

2. " FAILURE" CARDS--THIS IS DEFINED BY A CARD VITH AN "F" IN COLUMN**

I FOLLOVED BY A CARD VITH THE FOLLOVING INFORMATION:**
;

! ** A. NODE NO. OF NODE VHICH CAN FAIL (UPSTREAM NODE);
** B. NODE NO.-THAT THE FAILED VOLUME BLOVS DOVN INT 0;

! * * - C. 1 IF THE JUNCTION IS HORIZ (O IF VERTICAL);
D. ELEVATION OF THE BOTTOM OF THE OPENING ABOVE THE FLOOR OF| **

f ** THE FAILED NODE;
l- ** E. FACING THE H0LE, THE VIDTH OF JUNCTION;

i ** F. FACING THE HOLE, THE HEICHT OF JUNCTION;
** G. LENGTH OF JUNCTION;
** H. AREA 0F JUNCTION;[.

I. DIFFERENTIAL PRESSURE REQUIRED TO FAIL THE N0DE IF THE UPSTREAMi **

** NODE EAS THE HIGHEST PRESSURE
J. DIFFERENTI AL PRESSURE REQUIRED TO FAIL THE NODE IF THE DOVNSTRH**

** NODE HAS THE HIGHEST PRESSURE
**

** NOTE: IF VIDTH HEIGHT, THE JUNCTION IS ASSUMED CIRCULAR, OTHERVISE
RECTANGULAR (USE VIDTH SLIGHTLY DIFFERENT THAN HEIGHT FOR SOUARE)**

EVEN IF THE JUNCTION IS REUT ANGULAR, THE AREA CAN BE DIFFERENT**
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i ** -THAN THE PRODUCT: 0F LENGTH AND VIDTH IF THE JUNCTION REPRESENTS THE
hq~; _ SUM OF SEVERAL HOLES VHICH i; AVE THE SAME ELEVATION, ETC.

** 3. "CONTAINHENT: INTERFACE" CARD--ONE SUCH SET OF .TVO CARDS -SHOULD BE-
~ * * - PROVIDED
** :THE FIRST CARD 1SHOULD HAVE A.*C" IN COLUMN ONE
** THE SECOND CARD GIVES:
-** 'A. THE NODE NO. VHICH RECEIVES FLUID FROM THE CONTAINMENT (OR
** PRIMARY SYSTEM FOR V SEQUENCES) AND 1

** B. ELEVATION ABOVE THE FLOOR OF THIS NODE OF THE TOP OF THE
** JUNCTION _THROUGH VHICH THE PRI SYS OR CONTHT EFFLUENT IS ISSUING
**

**IHFORTANT NOTE:
**THE HODEL VILL- NOT RELIABLY FIND A
** SOLUTION FOR THE AUX BLDG FLOVS IN ONE SPECIFIC CIRCUNSTANCE:
** 1.-TVO VOLUMES ONE ABOVE THE OTHER
** 2. PARALLEL FLOV PATHS CONNECTING THE TVO VOLUMES THROUGH

- ** THE FLOOR OF THE-UPPER VOLUME I

**

**IT APPEARS THAT SUCH A SITUATION IS NUMERICALLY ILL-POSED
| **TO AVOID PROBLEMS,:IT IS RECOMMENDED IN SUCH A SITUATION TO

** LUMP THE TVO-FLOVPATHS TOGETHER
**

JUNCTION 1-8 _ _

1 8'1 25.5;.17 13.12 4.0 8.07
-

e - JUNCTION 2-8g-

2 8:0 29.5 .17 34.35 3.5 7.86-:
-

- %~ -JUNCTION 8-5
8 5 0 29.5 .17 44.94.3.0 7.86

4 ' JUNCTION 8-3
8 3 l'42.> .17 33.41-5.0 11.36
-JUNCTION 1-8
'l 8 0 54.5 ;17 34.64 3.5 5.89

: JUNCTION 2-8
2 8 0 54.5 .17 34.64 345 5.89
JUNCTION 1-3
1-3.0-47.5 .17-39.65 5.0'6.74
JUNCTION 2-3=
2 3 0 47.5 .17 39.65 5.0 6.74-
JUNCTION 8-4

| 8 4.0 54.5 .17 69.18 3.0 11.76:
L- JJUNCTION15-4-

5 4 1J43.0 64.76 18.0 1.0 1428.94'-L'
JUNCTION 5'4i

~

!' 5 4 li43.0 7.75 12.33 1.0 95.56
"

- JUNCTION 9-10
9 10 0 25.0 14.0 20.0 2.0-280.0:

~

L FAILURE 21-'

.1 7 l'29.5 8.1 7.9 2.67-64.0 3.1 3.1'

' FAILURE 22-
1.7.0 30.17 3.0 7.17 10.5 21.5 3.9 3.9

'

: FAILURE 23-
4

- 1 8.0 30.17 3.0 7.17 3.0 21.5 3.9 2.2
FAILURE 24'
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2 7 0 30.17 3.0 7.17 10.5 21.5 3.9 '.9

FAILURE 25 4

2 8 0 30.17 3.0 7.17 3.0 21.5 3.9 2.2
FAILURE 26

i2 7 1 29.5 8.1 7.9 2.67 64.0 3.1 3.1
l

FAILURE 27
5 10 1 25.0 8.0 22.0 101.0 352.0 5.0 5.0

-FAILURE 28
5 10 0 25.0 3.0 7.17 18.0 21.s 3,9 3.9

FAILURE 29
7 5 0 29.5 3.0 7.17 55.0 100.2 3.9 .i.9
FAILURE 30 |

7 9 0 29.5 3.0 7.17 3.0 64.5 2.2 3.9
FAILURE 31
1 6 0 55.17 3.0 7.17 9.0 21.5 3.9 3.9
FAILURE 32
2 6 0 55.17 3.0 7.17 9.0 21.5 3.9 3.9
FAILURE 33
1 10 1 92.5 13.17 12.0 3.0 158.0 3.3 3.3
FAILURE 34
2 10 1 92.5 13.17 12.0 3.0 158.^ 3.3 3.3
FAILURE 35
6 4 0 0.0-3.0 7.17 14.0 43.0 3.9 3.9
FAILURE 36-
3 9 0 0.0 20.2 20.1 250.0 406.5 0.4 0.4
FAILURE 37
9 10 0 94.92 44.6 44.8 1.0 2000.0 0.7 0.7
FAILURE 38
6 9 0 0.0 8.0 7.83 4.0 125.3 2.2 3.9
FAILURE 39
9 10 0 88.0 3.0 7.17 4.0 43.0 2.2 3.9
FAILURE 40
6 9 0 19.0 6.0 7.83 3.0 94.0 2.2 3.'>
FAILURE 20
7 6 1 29.5 3.0 7.17 25.0 43.0 3.9 2.2
FAILURE 41
8 10 1 92.5 .167 408.4 63.0 68.2 0.7 0.7
FAILURE 43
8 7.1 28.3 8.10 7.90 1.17 128. 1.31 1.31
CONTAINMENT INTERFACE
1 10.00
END
**

********************************************************************%***

*USEREVT
***************f:********************************************************
**

** THIS DEFINES TE USER DEFINED EVENT CODES. THE FOLLOVING SYNTAX
SHOVN BELOV ARE VHAT IS NORMALLY EXPECTED IN THE *USEREVT FARAMETER**

L ** SECTION. ANYT!i1NG ELSE IS IGNORED AND THE USER IS VARNED.
**

** 1) ** / COMMENTING

**. 2) END / END OF SECTION 'EYVORD
3) < NUMBER > <EXFRESSION> / USE8 DEFINED EVENT CODE**
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** 4) <TRUE) < MESSAGE)
/ USER SUPPLIED TRUE MESSAGEO **

< FALSE) < MESSAGE)
/ USER SUPPLIED FALSE MESSAGE

5) SELECT < NUMBER 1> < NUMBER 2> ... ETC. }

**

** SELECT ALL
**

**

**

OPTIONAL USER DEFINED EVENT MESSAGE DISCRIPTION MESSAGE CAN FOLLOV**
THE EVENT CODE EXPRESSION.

THE ONLY RESTRICTION IS THAT SUCH**

MESSAGE NEED TO CONFORM TO THE FOLLOVING FORMAT AND MUST COME AFTER**
THE EVENT CODES THE MESSAGES AFE DEFINED FOR.**

**
<"TRUE"/" FALSE"> < USER DEFINED MESSAGE) _**

**

AND BOTH TRUE AND FALSE MESSAGE OR JUST ONE OR NONE COULD BE SUPPLIED.
-

'

** TOKENS "TRUE", "T", " FALSE", AND "F" ARE ACCEPTABLE. :
NOTE THAT THE**

CODE VILL GENERATE THE EVENT MESSAGE FROM THE USER DEFINED EVENT CODE**
EXPRESSION, AND SUPER 3ECE IT V!TH USER'S IF SUPPLIED.**

**

**

THE SELECT KEYVORD IS USED TO " SELECT" THE USER DEFINED EVENT CODE**

NUMBERS TO BE VRITTEN TO THE SUMMRY FILE AND LOG FILE IF NEGATIVE
"

**

VHEN THE CORRESPONDING EVENT CODE NUMBER STATUS HAS CHANGED.**

YOU VANT ALL, SIMPLY SAY SELECT ALL, AND THEY VILL ALL BE VRITTEN TO
IF

** THE SUMMRY FILE.

UNLESS YOU SELECTED A NUMBER VITH A NEGATIVE SIGN. NOTE THAT NO MESSAGE IS VRITTEN TO THE LOG FILE
-

**
-

NOTE THAT VHEN**

AN MAAP OPERATOR EVENT CODE STATUS CH!NDED DUE TO USER DEFINED EVENTO **
C0')E STATUS Cl;ANGE, IT IS REPORTED TO THE LOG FILE ALVAYS.**

**
'

**

AN VALID "SER tEFINED EVrNT CODE EXPRESSION FORMAT CONSISTS OF AN**

EVENT CODE NUMBFR AND 0RRESPONDING EVENT CODE EXPRESSION, EG.,** "

**

< EVENT CODE NUMBER > < DEFINING EVENT CODE EXPRESSION > 3**
s

**
EVENT CODE NUMBERS 400-699

ARE ALLOCATED FOR USER DEFINED EVENT CODE** DEFINITIONS.
ALSO ALLOVED ARE MAAP DEFINED-OPERATOR EVENT FLAGS 50

~

**

THAT THE USER CAN HAVE THE FLEXIBILTY TO CONTROL HARDVIRED HAAP**
FUNCTIONS, EG., KANUAL SCRAM, TURN CONTAINMENT SPRAYS ON, ETC.**
THE MAAP OPERATOR EVENT FLAG CODES ARE200-399. CONSULT THE MAAP**

USER MANUAL OR THE *EVTHES PARAMETER SECTION FOR DEFINITION OF i**
MAAP OPERATOR CODES.

**

**

AN VAILD EVENT EXPRESSION FORMAT IS EXPECTED TO CONFORM TO ONE OF THE
--

**
FOLLOVING FORMATS:

** .

** 1) " EVENT" <NUM',ER>
<"TRUE"/" FALSE"> <" LOCK 0UT">

'

2) <VI.RIABLE1/Rt'.-A>
<REAL_0PEPATOR> < VARIABLE 2/REAL2> <" LOCKOUT"> N

**

3) < FORMAT 1/ FORMAT 2) < LOGICAL _OFERATOR> < FORMAT 1/ FORMAT 2) <" LOCKOUT">
- ** VHERE

" EVENT" - THE KEYVORD " EVENT"**
< NUMBER >

= THE CORRESPONDING EVENT CODE NUMBER**
<"TRUC"/" FALSE"> = THE REYVORD "TRUE" OR " FALSE"
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|h
= THE MAAP COMMON DLOCK VARIABLE NAME

**

** (V ARI ABLEl>
<REAL1) THE NUMBERIC REAL VALUE**

= SELF EXPLANATORY (SEE BELOV)<REAL OPERATOR >
- THE MAAP COMMON BLOCK VARIABLE NAY3

**

< ARIALLE2>**
<REAL2> = THE NUMBERIC REAL VALUE**

**

** < FORMAT 1> = IS THE FORMAT DEFINED ABOVE
< FORMAT 2) = IS THE FORMAT DEFINED ABOVE**

= SELF EXPLANATORY (SEE BELOV)
< LOGICAL _0PERATOR>**

** <" LOCKOUT"> > OPTIONAL " LOCKOUT" KEYVORD

THE FIRST FORMAT TYPE IS DEFINED AS A LOGICAL EXPRESSION, THE
**

SECOND FORMAT TYPE IS DEFINE 9 AS A REAL EXPRESSION, AND THE THIRD
**

FORMAT TYPE IS DEFINED AS AN MULTIPLE EXPRESSION CONSISTING OF A
**

**

COMBINATIONS OF FORMATI AND/OR FORMAT 2.**

NOTE THAT "/" USED ABOVE IN DEFINING THE FORMATS IS EXPRESSED AS
**

THUS THERE ARE TVO LOGICAL EXPRESSIOP, FOUR REAL
**

"EITHER".
EXPRESSION, AND FOUR MULTIPLE EXPRESSION POSSIBLE COMBINATIONS.

**

**

OPTIONAL K6YVORD " LOCK 0UT" TOKEh COULD BE ADDED AT END OF LINE.
**

THIS VILL PERMANETLY LOCK THE EVENT CODE TO TRUE ALVAYS ONCE THE
**

DEFINING EXPRESSION IS SATISFIED. TOKENS
"L", "LK0", 6 "LO" ARE**

**

** ACCEPTABLE.
**

ALLOVABLE <REAL,0PERATOR) TOKENS ARP**

** > or GT (GREATER THAN)
** < or LT (LESS THAN)
** >= or GE or => (GREATER THAN OR t0UAL TO)
** <= or LE or =< (LESS THAN OR EQUAL TO)

or EQ (EOUAL TO)** =

** <> or NE (NOT EQUAL TO)
**

AND ALLOVABLE < LOGICAL _0PERATOR> TOKENS ARE**

AND or A**

** OR or 0
**

VE VILL NOV SHOV SOME EXAMDl"5 0F USER DEFINED EVENT CODES, AND
**

'PRESSION AND END VITH A MULTIPLE
**

VE'LL START VITH A SIMFI**

EXPRESSION EXAMELE.**

**
LET'S SAY VE HAVE THE 10LuvdING SIMPLE EXPRESSION;**

**

401 PPS > 1.E6**

EVENT CODE 401 IS TRUE VHEN PPS. THE REACTOR VESSEL PRESSURE, IS |
**

*!
GREATER THAN 1.E6 PASCALS, OTHERVISE IT IS FALSE.

~

!**

**
.

**
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** THE SECOND EXAMPLE INVOLVING HU1TIPLE EXPRESSION, AS Sil0V!4 15|O **

** 402 TGPS > 450 AND EVENT 301 1 RUE LOCKOUT
**

** EVENT CODE 402 IS SET PERMANETLY TRJE VilEN TGPS, Tile REACTOR GAS
** TEMPERATURE, IS GREATER TilAN 450 EELVI!4S AND VHEN EVENT CODE 401 i

'
** IS TRUE.,

**

**

l ** TVO IMPORTANT NOTES HUST BE MADE. THE FIRST IS THAT ALL NUMBERS
** ARE EXPECTED TO BE IN SI UNITS. Tills IS DONE TO PREVENT CONFUSION
** AS TO VilAT HAAP COMMON BLOCK VAP,IABLES IIAVE DEFINING UNITS NUMBERS
** ASSIGNED. T110SE TilAT D0, CAN BE EASILY CONVERETED T0/FROH SI ANC-
** BRITISH UNITS. THOSE THAT DO NOT ARE ALVAYS IN SI UNITS. SINCE NOT
** ALL HAAP COHHON BLOCK VARIABLES HAVE DEFINING UNIT NUMBERS, Tile ,

1** POTENIAL TO CONFUSE VHAT TYPE OF NUMBERS TO INPUT IS GREAT AND VE
** VANT TO AVOID Tills SITUATION.- !!OPEFULLY Tl!IS VOULD BE RECIFIED IN i

** Tile HEAR FUTURE.
**

** THE SECOND NOTE IS THAT USER DEFINED EVENT CODES ARE EVALUATED |
** IMMEDIATELY AFTER HAAP EVENT CODES ARE EVALUATED. USER DEFINE] !

** EVENT CODES ARE EVALUATED SEQUTUTIALLY FROM 400 70 699 TIRST, AND !
i** THEN USER-DEFINED EVENT CODES 000-399 (VHICH llAVE A ONE TO ON
*

** CORRESPONDENCE VITH HAAP OPERATOR EVENT CODES) ARE EVALUATED !! EXT.
** TilIS IS IMPORTANT TO NOTE SINCE IF Tile EVALUATION OF AN EVENT CODE '

**- DEPENE3 ON Tile STATUS OF ANOTHER EVENT CODE, YOU'LL~VANT TO B1<

** SURE THAT Tile *0THER" EVENT CODE HAS ALREADY BEEN EVALUTED FIRST. ;

** ;

** USER DEFINED EVENT CODES CAN ALCO BE DEFINED IN T!!E INPUT DECK VIA i
** LOCAL PARAMETER CilANGE. SPECIFT 28,0,0 FOLLOVED EY Tile SYNTAX ;
** EXPLAINED ABOVE. BE SURE TO LND VITil THE KEYVORD END.
** i

IT IS Il0 PED THAT THE ABOVE DESCRIPTIONS Sil0ULD BE MORE THAN ADQUATE**

** -IN EXPLAINING THE PURPOSE OF USER DEFINED EVENTS. -|
**

END
**

**********************Ae*******We1 .*****************************d**e****

*VETVELL
,

!*********************s,.****************************************v****,**

01 574.83 ZVVF ELEVATION AT VETVELL 'LOOR'
. 02 . 267 AVB Fl.0V APEA THROUGH A Dn(VELL VACUUH BREAKER i

'
'

03 2 NVB ?'bHBER OF DRYVELL VACUUM BREAKERS
04 .5 PSETVB P.dSSURE SETFn1NT FOR VACUUM BREAKERS
05 .I PDVB DEAD BAND FOR VACUUH BREAKERS.

06 265023. VOLVV TOTAL VOLUME OF VETVELL (PLUS SUPP P0OL)
07 .5 -RELHVV RELATIVE HUMIDITY IN JETVELL j

08 1. 0 - NIGVV NUMBEP.~ 0F IGNITERS Ill THE VETVELL-
09- ii.5 XIGVV AVERASE DISTANCE FROM SUPR PL VATER LEVEL TO IGNITERS
11- .0- AVVF AREA 0F VETVELL FLOOR (MARK II)
12 8273. ASEDVV AEROSOL SFDIMENTATION AREA

13_ .492 ACVENT CONTAINHENT VENT AREA (FPCC VENT)s;-
' 14 743. AIMPVV VETVELL 701'AL IMPACTION AREA

>

L. -15 .0208 XDIHVV ;VETVELL HINIMUM GRATE DI AMETER (OR THICKNESS)
i
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16 2796. AGRAVV VETVELL FLOV AREA THRU GRATE
17 53.2 XilSPVV SPRAY FALL HEIGIIT IN VETVELL
18 633. ZCFAIL ELEVATION OF CONTAINHENT VENT IN VETVELL
19 579.42 ZSRVD AVERAGE FLEVATION OF SRV DISCilARGE IN SUPP POOL
20 114.7 PCFH3 FAILURE PifESSURE OF CONTAINHENT
21 .0 XRCONT CONTAINHENT RADIUS
22 .0 N1100PV NUMBER OF TEl4 DONS IN HOOP DIRECTION
23 .0 XTREHV VOLUME OF REBAR PER UNIT AREA 0F OUTER VALL
24 .0 XTREZV VOLUME OF REBAR PER UNIT AREA 0F OUTER VALL
25 .0 XDHOPV DI AMETER OF lin0P TENDONS
26 .0 ZVCYL HEIGIIT OF THE CYLINDRICAL PART OF THE VETVELL VALL
27 .0 XDZFV DISPLACEMENT IN AXIAL DIRECTION
28 .0 XDRFV SAME AS 29 FOR THE RADIAL DIRECTION
29 .0 NTENZ NUMBER OF TENDONS IN AXI AL DIRECTION
30 .0 XDTENZ DIAMETER OF TENDONS IN AXIAL DIRECTION
31 9. XRBRVV CHARACTERISTIC RADIUS OF VETVELL FOR 112 BURNS
32 27.4 XilBRVV CllARACTERISTIC HEIGHT OF VETVELL FOR 112 BURNS
** TilIS IS FLOOR TO CEILING
**

** UNITS SYSTFH CLAhIFICATION
** AS VAS PREVIOUSLY STATED, PLACING A *SI AT THE END OF THE
** PARAMETER FILE VOULD MAKE THE CODE EXPECT Tile INPUT DECK TO BE IN SI
** UNITS FOR INPUT NUMBERS, AND ALL OUTPUT FILES VOULD BE IN SI UNITS.
** CONVERSLY, IT *BR VAS PLACED AT Tilt END OF THE PARAMETER FILE, INPUT
** UNITS V0VLD BE EXPECTED TO BE IN f.RITISH UNITS, AND ALL OUTPUT FILES
** VOULD BE IN BRITISH UNITS.
**

*BR
**

I

e
|
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