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ABSTRACT

This volume presents an overview of the methodology and results of the
integrated accident sequence analysis {(level 1) of the Latalle Unit 11
nuclear power plant performed as part of the lLevel 111 PRA conducted by
gandia National Laboratories for the Nuclear Regulatory Commission. The
Level 11/111 resulis are presented in associated reports described in the
Foreword. This volume contains a summary description of the lLaSalle plant,
describes the covients of tue other nine volumes of this report, their
relationships to each other, and the relationship of the LaSalle program to
other programs. A step-by-step summary description of the methodology and
new techniques used to perform the analysis is presented and discussed.
The final results of the Level 1 analyses for each subanalysis (e.g.,
internal, fire, flood, and seismic analyses) are discussed individually and
the final integrated resull obtained by merging all subanalyses and
performing an Integrated calculation is also discussed. General insights
and comclusions from the analysis are discussed.
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The LaSalle Unit 2 PRA was performed for the NRC by Sandia National
Laboratories (SNL) with substantial help from Commonwealth Edison (CECo)
and {ts contractors, Because of the size and scope of the PRA, various
related programs were set up to conduct different aspects of the
analysis. Additionally, existing programs had tasks added to perfom
some analyses for the LaSalle PRA. The responsibility for overall
direction of the PRA was sssigned to the Risk Methods Integration and
Evaluation Program (RMIEP). RMIEP was specifically vesponsible for all
aspects of the Level 1 analysis (i.e,, the core damage analysis). The
Phenomenolsgy and Risk Uncertainty Evaluation Program (PRUEP) was
responsible for the Level 11/111 analysis (i.e.. accldent progression,
source term, consequence analyses, and risk integration). Other programs
provided support in various areas or performed some of the subanalyses.
These progrems include the Seismic Safety Margins Research Program
($SMRP) at Lawrence Livermore National Laboratory (LINL), which performed
the seismic analysis; the Integraced Dependent Failure Analysis Program,
vhich developed methods and analyzed dsta for dependent fallure modeling;
the MELCOR Program, which modified the MELCOR code in response to the
PRA's modeling needs; the Fire Research Program, which performed the fire
analysis; the PRA Methods Development Program, which developed some of
the new wethods used in the PRA, and the Data Programs, which provided
new and updated data for BWR plants similar to LaSalle. CECo provided
plant design and operational information and reviewed many of the
analysis results.

The LaSalle PRA was begun before the NUREG-1150 analysis and the LaSalle
program has supplied the NUREG-1150 program with simplified location
analysis methods for integrated analysis of external events, insights on
possible subtle Interactions that come from the very detailed system
models used in the LaSalle PRA, core vulnerable sequence resclution
methods, methods for handling and propagating statistical uncertainties
in an integrated way through the entire analysis, and BWR thermal-
hydraulic rodels which were adapted for the Peach Bottom and Grand Culf
analyses.

The Level 1 results of the lLaSalle Unit 2 PRA are presented in:
“Analysis of the LaSalle Unit ? Nuclear Power Plant: Risk Methods
Integration and Evaluation Program (RMLEP)," NUREG/CR-4832, SAND92-0537,
ten volumes, The reports are organized as follows:

NUREG/CR-4832 - Volume 1: Summary Report.

NURLG/CR-4832 - Volume 2: Integrated Quantification and Uncertainty
Analysis,

NUREG/CR-4832 - Volume 3: Internal Events Accident Segquence
Quantification.

NUREG/CR-4B32 - Volume 4: Initiating Events and Accident Sequence
Delineation,
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NUREG/CR-4832 - Volume 5: Parameter Estimation Analys.s and Human
Reliability Screening Analysls.

NUREG/CR-4832 - Volume 6: System Descriptions and Fault Tree
Definition,

NUREG/CR-4832 - Volume 7: External Event Scoping Quantificatian.
NUREG/CR-4832 - Volume B: Selsmic Analysis.

NUREG/CR-4832 + Velume 9. Internal Fire Analysis.

NUREG/CR-4332 - ‘me 10: Internal Flood Analysis.

The Level 11/111 re:t .s» of the LaSalle Unit 2 PRA are presented in:
"Integrated Risk Asyessment For the LaSalle Unit 2 Nuclear Power Plant:
Phenomenology and Risk Uncertainty Evaluation Program (PRUEP)," NUREG/CR-
5305, SAND90-2765, 3 volumes. The reports are organized as follows:

NUREG/CR-5305 - Volume 1: Main Report
NUREG/CR- 5305 - Voluwe 2: Appendices A-C
NUREG/CR-5305 - Volume 3: MELCOR Code Calculations

Important associated reports have been issued by the RMIEP Methods
Development Program in: NUREG/CR-4834, Recovery Actions in PRA for the
Risk Methods Integratien and Evaluation Program (RMI1EP); NUREG/CR-4835,
Comparison and Application of Quantitative Human Rellability Analysis
Methods for the Risk Methods Integration and Evaluation Program (RMIEP);
NUREG/CR- 4836, Approaches to Uncortainty Analysis in Probabilistic Risk
Assessment; NUREG/CR-4838, Microcomputer Applications and Modifications
to the Modular Fault Trees; and NUREG/CR-4840, Proceaures for the
External Event Core Damage Frequency Analysis for NUREG-1150.

Some of the computer codes, expert judgement elicitations, and other
supporting information used in this analysis are documented in associated
reports, including: NUREG/CR-4586, V'ser‘s Guide for a Personal-Computer-
Based Nuclear Power Plant Fire Data Base; NUREG/CR-4598, A User's G de
for the Top Event Matrix Analysis Code (TEMAC); NUREG/CR-5032, Modeling
Time to Recovery and Initiating Event Frequency for Lose of Off-Site
Power Incidents at Nuclear Power Plants; NUREG/CR-5088, Fire Risk Scoping
Study: Investigation of Nuclear Power Plant Fire Risk, Including
Previously Unaddressed lssues; NUREG/CR-5174, A Reference Manual for the
Event Progression Analysis Code (EVNTRE); NUREG/CR-5253, PARTITION: A
Program for Defining the Source Term/Consequence Analysis Interface in
the NUREG-1150 Probabilistic Risk Assessments, User's CGuide; NURRG/CR-
5262, PRAMIS: Probabilistic Risk Assessment Model Integration System,
User's Guide; NUREG/CR-5331, MELCOR Analysis for Accident Progression
Issues; NUREG/CR-5346, Assessment of the XXSOR Codes; and NUREG/CR-5380,
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condensate) and their support systems (e.g., normal service water and
non-safety electric power). These systems were modeled in the same level
of detail as the standard safety systems, This was done in order to more
accurately model the plant response and to include the effect of
interactions between balance-of-plant systems and safety systems. The
primary motivation for this was the observation that many past PRAs had
fdentified subtie interactions between safety and balance-of-plant
systems and these were felt to be even more important when external
events, which can affect many systems at once, were to be analyzed.

The accident sequence event trees were extended to include the
interaction with the containment and reactor bullding response in order
to evaluate the interaction Letween sequence phenomenology and system
performance. A method was developed to quantify these interactions and 4
simplified version was used in the NUREG-1150 BWR analysis to resolve the
core-vulnerable sequences. The method involved detalled thurmal-
hydraulic code modeling of the containment and reactor building in order
to evaluate the severe environments that could be generated by the
various accident sequences, identification of the components modeled in
the fault tree that would be subject to these environments, expert
elicitation on the failure probabilities of components in these
environments, and quantification of the system failure probabilities in
the form of cut sets which could be integrated with the standard random
failures. In order to correct'y model the accident sequence evolution
and identify realistic¢ success criteria, 49 thermal-hydraulic
calculations were performed (6 using RELAPS, 4 using MELCOR, and 39 using
LTAS). The end result of this process is the most detailed and
comprehensive PRA plant model to date,

In order to quantify this model and satisfy the objective of identifying,
evaluating, and displaying the uncertainties; extensive data analysis was
performed and a new code, TEMAC, was written to evaluate the
uncertainties in the Level 1 results and to perform various importance
caleulatirns using lLatin Hypercube sampling (stratified Monte Carlo).
The random failure data for all components was reevaluated, a new model
for quantifying human interactions based on the results of simulator
studies was developed (this formed the basis of EPRI‘'s simulator
studies), an extensive fire data base was developed, a new method for
calculating loss of offsite power and fire initiating event frequency was
developed, and a new method for calculating loss of offsite pover
recovery was developed. All of this data was used to various extent in
the NUREG-1150 analysis. Expert elicitation was used to quantify issues
such as severe environment failure of components. The LaSalle issues
were Included in the NUREG-1150 Level 1 expert elicitation process. The
data from the internal events analysis and external event analysis was
all put into a similar form and used to quantify the model including
uncertainties.

S$.3 RESULTS AND CONCLUSIONS

Integrated resuits were obtained by merging all of the accident
sequences’ cut sets from the LOCA, transient, transient-induced LOCAs,
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and anticipated accldents without seram accident sequences resulting from
internal initiators with the cut sets from the fire, flood, and seisnic
analyses accident sequences, The final dominant accident sequences were
determined and the integrated risk reduction, risk increase, and
uncertainty importance measures were obtained. Also, an overall ranking
of the dominant cut sets was obtained,

The total core damage frequency at laSalle from all events has a mean
value of 1.01E-04/yr. with a 5th percentile of 5 3E-6/yr., a median
value of 2 92E-05/yr., and a 95th percentile of 2 93E-0O4/yr. This result
Is considered to be low given that all Initlators (both internal and
external) are included in this number and that this is the first time
that a detailed PRA has been performed on this plant. Usually, the first
time a PRA 1s performed certaln design faults are found that lead to
accidents that have significantly higher frequencies of occurrence than
they would have without the design fauits. At LaSalle, because of the
penerally pgood design and high redundancy of BWR type nuclear power
plants, while some design deficlencies were found, none compromised
redundancy to the point where they created accident sequences which were
significantly higher in frequency than those from other sources.

Figure §5:1 shows cumulative distribution functions (CDFs) for the fire,
flood, seismic, and internal core damage frequencies and the integrated
core damage frequency for comparison purposes, Figure §-2 has ~le charts
showing the relative contributions of acecident sequences frow various
categories of initiators te the mean integrated core damage frequency.
These categories are! seismic, fire, flooa, and internal with internal
broken inte LOCAs, ATWS, transients, and transient-induced LOCAs. Figure
<3 has a pile chart showing a finer breakdown of the contribution of
internal events initiators to the total mean internal core damage
frequency. The internal initiators are broken inte: 1) LOSP, 2) AC Bus
Failure (T101, T102), 3) DC Bus Failure (T9A, T9B), 4) Turbine Trip (T1,
T2), 5) Loss of Feedwater (T3, T4, T5), and 6) All Others.

By examining the above plots and figures, one can see that seismic
sequences do not contribute significantly to the integrated core damage
frequency at LaSalle. Flood sequences are moderate contributors at all
quantiles of the distribution. Since the integrated core damage
frequency distribution is very similar to the internal events core damage
frequency distribution in all but the 90 te 100th quantile range, the
integrated core damage frequency distribution comes mostly from internal
events, However, at the very top of the distribution, one can see that
the fire sequences contribution actually becomes greater than that for
the internal sequences. This occurs at about the 95th percentile. The
dominant fire sequence is Iinitiated by a control room fire and the sparse
fire data for caiculating control reoom fire initiating event frequencies
results in a distribution with very wide uncertainty bounds. The mean
value of the fire core damage frequency is dominated by a faw of the 400
Latin Hypeccube observations and, in these cases, the fire contribution
can be substantial.
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The dominant accident, 35.4% of the mean core damage frequency, Involvis
a loss of all injection as a result of failures occurring after a loss of
offsite power. The dominant cut sets of this sequence represent a short-
term station blackout type acclidert, The second most likely sequence,
17.2% of the mean core damage frequency, is the result of a control roomw
fire which is not suppressed and becomes large enough to require
evacuation of the control room. Auto actuation of the systems fails as a
result of the fire and the operators do not operate the remote shutdown
pane) correctly due to the high stress. woss of all injection occurs and
chort term core damage results,

The events most important to risk reduction are: the frequency of loss of
offsite power, the frequency of control room fires, the percentage of
control roem fires that are not extinguished before smoke forces
abandonment of the control rvoom, the ,robability that the operators will
v=* successfully recover the plart from the remote shutdown panel, the
o overy of uffsite power within one hour, the diesel cooling water
amon mede failure, and the non-recoverable isolation of RCIC

;ation hlackouts.

txw most important to visk increase are: the internal flood pipe
frequency, the faillure of various AC power circuit breakers
ng in partial less .f onsite AC power, the failure to scram, and
.desel generator cooling water pump random failure rate (determines
coe magnitude of the common mode contribution).

The dominant contributors to uncertainty are: tue uncertainty in contro!
cirecuit failure rates, the uncertainty in the control room fire
initiating frequency, the uncertainty in relay coil failure to energize,
the uncertainty in energlzed relay coils failing deenergized, and the
uncertainty in the response of systems to severe enviromments in the
reactor building.

5-8
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4) Estimation of the effects of the uncertainties of various
mechanical failures and phenomenological occurrences on the
combined uncertainty of the final integrated core damage
frequency.

1.2 General bescription of the Flant

The LaSalle Unit 2 nuclear power plant is located in the area of Brookfield
Township, LaSalle County, Tllinois which is 55 miles southwest of Chicago.
Tie LaSalle plant utilizes a Mark Il type contaimment to house a General
Electric BWR-5 reactor with a rating of 3293 MWt. The reactor is owned and
operated by Commonwealth Edison Company.

There are various injection systems that can be used to cool the core and
prevent core damage at LaSalle. Four high pressure and four low pressure
injection systems are considered in this analysis. Detailed descriptions
and system drawings can he found in Volume 6 of this report, System
Descriptions and Fault Tree Definition.

The high pressure injection systems include the high pressure core spray
system (HPCS), the reactor core isolation cooling system (RCIC), the main
feedwater system (MFW), and the control rod drive system (CRD). The HPCS
system has a motor-driven pump with its own dedicated diesel (train C of
emevgency power). This system draws water from either the condensate
storage tank (CST) or the suppression pool and sprays coolant onto the core
via a ring sparger located above the core. The DOTC svetem utilizes a
turbiue-driven pump. Steam from the reactor pressure vessel "PV) is used
to drive the turbine which pumps water from either 'hy¢ CST ur the
suppression pool back to the vessel via an injection nozzle i the reactor
vessel dome. Because RCIC takes steam from the RPV, ope.ation of the
system can not he assured once vessel pressure falls below 5/ psig. Also,
RCIC isolates when containment pressure reaches about 15 psig. Train A DC
power is also required to control this system. The MFW system draws water
from the condenser hotwell using two turbine-driven pumps ard one motor-
driven pump and injects it 1ato the vessel through the main feedwater
lines, These pumps require offsite power (i.e., not emerpgency power), The
CRD system can be used to inject water into the vessel via the contrel red
drives into the lower plenum, The CRD system can only inject several
hundred gallons per minute and is therefore only useful once the decay
energy has been significantly reduced (i.e., during a long term accident)
or in conjunction with another injection system, The high pressure
injection systems can be used to provide coolant makeup when the RFV is at
either high or low pressure. The only caveat to this statement is that the
emergency operating procedures require the RFV pressure to be above 57 psig
if RCIC is to be used,

The low pressure injection systems include the low pressure core spray
system (LPCS), the low pressure coolant injection system (LPCI), the
condensate system (CDS), and the diesel-driven firewater system (DFWS).
The LPCS system is a single train system that draws water from the

1-2
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then returned to the vessel via the recirculation loops. All three modes
of RHR (i.e., S8PC, CSS, and SDC) require at least one train of emergency
S AC power and arc, therefore, unavalilable during a station blackout. By
F, operating the appropriate heat exchanger, train A or B of the LPCI mode can
_ also provide the function of containment heat removal by drawing water from
[ the suppression pool, passing it through the heat exchanger, and injecting
e the water directly into the vessel., The water then wust flow back tu the
I suppression pool either via a break in the primary system piping or via the
¥ SEV discharge lines.

K The interaction between the injection systems and the p-* _ and secondary
containment environments is accounted for in this Level 1 analysis. Severe
: environments can be crecated in the reactor building from containment
i failure modes that result in steam release to the reactor building (i.e.,
| wetwell or drywell fallures) or containment wenting (which results in a
I release of steam into the upper floors of the reactor building). The
subsequent effect on injection system components in the reactor building is
accounted for in the accident sequence definfition. Containment failure via
| the drywell head goes to the refueling floor and bypasses the reactor
' building with no concomitant s2vere envivorments in the reactor building.
The effects of primary containment pressure on system operability are also
considered (e.g., RCIC ana ADS a2s mentioned above),

5 The primary containment is a post-tensioned reinforced concrete structure

with a steel liner. The containment, shown in Figure 1.3-1, consists of a
£ lower cylindrical portion founded on the base mat and an upper portion that
' is in the form of a frustum ef a cone, The containment is topped by an

elliptical steel dome called the drywell head. The lower portion is called

the suppression chamber (or wetwell) and it contains the suppression posol;
pr the upper pertion is called the drywell and it houses the reactor pressure
vessel (RPV), The primary containment is enclosed by a reinforced ceoncrete
reactor building which forms the secondary containment. ine primary
a containment is inerted with nitrogen which eliminates the possibility of
| hydrogen combustion events during the course of the accident. However,
cembustion of hydrogen in the reactor building following containment
failure is still possible. The internal design pressure of the primary
containment is 45 psip. The ultimate containment failure pressure was
assessed by a panel of structural experts (see appendix B.7 of the Level
I1/111 analysis in NUFEG/CR-5305, Volume 2), The assessed mean failure
pressure is 191 psig;, the aminimum and maximum failure pressures are 140
psig and 275 psig, vespectively, The containment failure locations
identified by the expert panel included the drywell head, the drywell wall,
the wetwell wall above the suppression poel, and the wetwell wall below the
suppression pool surface.

PROSIIESETTESOS . .

e e Ry %

The pressure suppression system is the over-and-under configuration. The
drywell is located in the upper portion of the contaimment directly ahove
the suppression chamber which forms the lower portion of the cot ainment.

The drywell and the suppression chamber are separated by a reinforced
concrete slab which foims the dryvell floor. The drywell houses the
reactor pressure vessel (RPV) and much of the primary wystem. The

el L

—————— T T

1-4

T e L S S N — a e



REACTOR VESSEL

STEEL LINER

WATER LEVEL

RENFORCED
CONCRETE

i

i s s

e . e v <

|

PRYWELL WEAD

) &

[

-

apta o L

\ -~ REACTOR SWIELD WALl

EQUIPMENT
HKANDLING PLATFORN

Lo~ DOUWNCOMER

PRESSUNRE

e - SUPPRESSION

CHANMBER










T e ST o . By
= gy £

L S T e T L ST S - | o e e 0N W R L T

R Iy B P e Wr—— ——

e R A aad Mhida i el STt B A el T i Tl T A e T e & n L e e e s e e G S

In Volume 9, we present the results of the fire analysis. The location
analysfs in which the locations of all equipment and cabling used in the
fault tree models iz described, the vethod of incorporating this
information directly into tle svstem fault trees and evaluating the
accident sequences using the same accident sequence ond system models used
in the internal events analysis is described, 'The quantification of the
fire initiating event frequencies is discussed and the deiinition of the
fire scenarios and final quantificarion of the accident sequences is
presented.

In Volume 10, we present the results of the flood analysis. The location
analysis in which the locations of all equipment and piping used beth in
the fault tree models and in the balance of plant systems, not included in
the accident analysis model, is described. The method of incorporating
this information directly into the system fault trees and evaluating the
accident sequences using the same accident sequence and system models used
in the internal events analysis is also described. The quantification of
the flood initiating event frequencies is discussed and the defirition of
the flood rcenarios and final quantification of the accident sequences is
presented,

1.4 Relationship to Other Programs

Because of the size and scope of the LaSalle analysis, an extensive
planning activity was undertaken to identify all of the tasks in the
analysis, which programs would be resrponsible for the performance of each
task, and what the input requirements and output products of each task
would be. The Risk Methods Integration and Evaluation Program (RMIEP) at
Sandia National Laboratories (SNL) was given overall responsibility for the
LaSalle PRA., 1In addition to coordinating all the various programs
contributing to the PRA, the RMIEP program also was responsible for quality
assurance, interfacing with the utility to obtain and supply needed plant
information to all the other programs, the performance of the internal
events Level 1 analysis, the performance of the internal flooding lLevel 1
analysis, the Integrated Level I analysis, and the location analysis done
in support of the fire and flood analyses. Separate NRC programs weorking
in conjunction with RMIEP performed certain porrtions of the analysis.

The PFRA Methods Development Program at SNL was responsible for developing
procedures to consistently model internal and external system faults. This
included the incorporation of passive failures such as piping, spurious
actuation failures, and cabling into the fault trees. Methods for
incorporating location based failures into the internal event system fault
trees tor the consisten’ and integrated evaluation of the seismic, fire,
and flood accident sequences were developed. The program also I[dentif{ied
and evaluited the various human reliability analysis techniques for their
use in RMIEP. In conjunction with the PRUEP program performing the Level
II1/111 analysis, methods for porforming uncertainty analysis were
investigated. !

1-8
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possivle facters that might contribute to different failure rates for the
same comporwnt. This data was supplied to RMIEF as additional information
for the determination of the final data distribtutions. Sce Volume 5 of
this repert for a complete description of the data analysis methods and
results.

The Phenomenology and Risk Uncertainty Evaluation Program (PRUEP) at SNL
was responsible for the performance of the Level 11/111 analysis. This
consisted of the accident progression analysis, the source term analysis,
the consequence analysis, the final integrated risk evaluation, and MELCOR®
code calculations to evaluate the evolution of several dominant severe
aceident sequences. The LaSalle analysis was the first application of
MELCOR to integrated accident sequence evaluations., See Volume 3 of the
Level 11/111 analysis reported in NUREG/CR-5305 for a complete description
of the MELOOR code caloulations performed for this analysis.

The MELCOR program at SNL helped in the review of the MELCOR calculations
performed by PRUEP and provided support to fix code problems encountered in
the course of performing the calculations.

A Brookhaven National Laboratories (BNL) human error study® took
preliminary accident sequence cut sets after the application recovery but
before final quantification for the dominant internal event accident
sequences at LaSalle and performed various sensitivity studies involving
the human errer rates,

A Future Resources Associates relay chatter study® for seismic events took
system fault tree information and evaluated the potential effects of the
chattering of relay contacts as the result of a strong earthguake.

A TRA based inspection of the LaSalle plant was performed by the NRC in
1986,

Finally, the 1laSalle simulater studies’ were the precursors to the EPRI
simulator studies,

1,5 Contributjons to NUREG-1150

The LaSalle PRA was started before the NUREG-1150 analysis and was
performed concurrently with NUREG-1150 when that program started. The
LaSalle program was significantly impacted by NUREG-1150. Resources from
the LaSalle analysis were diverted to NUREG-1150 which was much higher in
priority and the LaSalle schedule was stretched out considerably. However,
work on the LaSalle analysis was never halted completely and there were
many interactions between the two programs.

The lLaSalle aralysis is a much more detailed analysis than that performed
for NUREG-1150. However, in many cases, methods developed for LaSalle were
simplified for vse in or used directly in NUREG-1150. The following is a
partial list of the contvibutions of the LaSalle lLevel [ analysis to the
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NUREG-1150 program, The contributions to the Level 1I/111 analysis are
desccibed in thie FRUEP reports.

1. As a result of the level of detail of the LaSalle models, some
interesting Interactions between systems and within systems were
found. Interactions between safety and non-safety systems and
interactions between isclation logic and components were
identified. The NUREC-1150 plants were examined for interactions
with similar characteristics.

2. A detailed method for defining plant damage states for the Level
1/11 interface was developed for the LaSalle analysis and used for
the Peach Bottom NUREG-1150 analysis. The other NUREG-1150 plants
used a simplified version of this method. See Volume 1 of the
Level 11,111 reports in NUREG/CK-5305 for a complete description
of this method.

3. A wethod for resclving core vulnerable sequences appearing on the
accident sequence event trees was developed for the LaSalle PRA,
The method used in the Peach Bottom analysis is very similar to
that used for laSalle. See Volume 3 of this report for a complete
description of this methed. The following is a brief description:

: a) A detailed MELCOR model of the LaSalle reactor building was
~ constructed and calculations of severe environments for
different containment failure modes were performed,

b) The Level I NUREG-1150 expert elicitation panel was given this
environmental information and list of equipment used in BWR
systems that might appear in the reactor building. They
determined equipment faiiure probabilities for various ranges
of severe environments.

¢) Simplified system models were constructed and quantified using
this information and the feedback to the miligating systems
was eviluated in the event trees.

d) For the LaSalle analysis, the Level I and Level 11 LHS samples
were consistent (i.e., they used the same samples values for
the Level 1 and II analysis and both sampled the containment
failure pressure and modes in the same manner); but, for Peach
Bottom, this level of integration was not achieved (i.e., the
level 1 analysis used mean values for the probability of
containment failure while the Level II analysis sampled the
containment failure similar to the LaSalle Level 11 analysis).

4. The TEMAC® code was developed for the LaSalle PRA to evaluate
uncertainty and importance measures for the accldent sequence

frequency represented by the sequence cut sets. This code was
used in NUREG-1150.
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specific pipe fallures on the systems for the seismic and flood analyses
and detailcd modeling of both control and actuation circuitry te accurately
reflect the effects of fire induced failures. As part of this effert,
exact locations were obtained for all components represented in the fault
tree. The effect of cable failure for fire initiators was represented by
identifying all the cables in the modeled circuits, all electrical power
cabling, and creating a mapping which attached each cable to the
appropriate components in the fault trees so that the effect of failure of
the cwble would be accur.tely propagated through the fault tree models.
The locations through which the cable p.ssed werc identiffed. Additional
mappings were se¢t up to include the pipe and cable locations in the fault
tree model. The external event analysis volumes of this report (see
Volumes 8, 9, and 10) describe, in detail, the location analysis effort and
in appendices present the location transformations.

2.2.4 Data Base

The random tailure date Lase for internal events evolved ia a series of
steps. First, a complete list of all the types of equipment and the
failure modes to be modeled was generated. Second, a generic data base was
created in dBase that contained screening values for all of the failure
rates. Third, another data base was created that contained the specific
component fallures appearing in the fault trees and information about their
generic failure type and test and operacing intervals. A dBase program wis
then run to calculate the uravailabilities of all the fault tree events
using the generic data base and the component specific information. This
created the ssreening data base and is reported in Volume 5 of this report.
This screening data base was used in the inmitial fault tree solution and
initial aeccident sequence evaluation for internal events. A new
methodology was developed for determining human error probabilities for the
screening analysis and is also described in Volume 5 of this report.

After the screening amalysis had becn performed, the data for all of the
remaining event types were reviewed and probability distributions were
generated for all of the remaining failure modes. The generation of these
probability distributions is also described in Volume 5 of this report. As
part of this reevaluatiun, a new method® was developed for calculating the
loss of offsite power Initiating event frequency and the probavility of
non-recov-ry of offsite power within time t. Uncertainty distributions for
both are also created, The IPRDS program at ORNL was re-directed to
evaluate data from several BWRs similar to LaSalle and the data was
analyzed by LANL using their FRAC code. The final distributions were
incorporated into a Latin Hypercube sampling scheme for use in the final
accident sequence quantification as described in Volume 2 of this report.

For the fire analysis, a new fire initiating event data base was
constructed.* This fire data base was analyzed using the same method used
for the luss of offsite power analysis to ohbtain fire initiating evenc
frequencies. Alsc, separate nalyses were conducted to determine
probability distributions for: the probability of failure ef fire barriers,
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the percentage of small vs lacge fires, the probability of suppression of
fires in various locations, and the fraction ¢f fires from various causes.
This data is presented ir Volume 9 of tuis report.

For the flood analysis, pipe and valve initiating event frequencies were
generated as reported in Volume 10 of this report.

The selsmic analysis was performed by LINL, the seismic hazard curve and
the plant response data was generated using their SSMRP methodology and
used a plant specific structural response analysis as reported in Volume &
of this report.

2.2.5 Fault Tree Solution

For internal events, the front-line system fault trees were merged with
thelr support systems and solved using the screening data base. Because of
the very lavge size of the LaSalle fault trees, new techniques were
developed to solve the trees in an efficient manner. These techniques are
descivived in detail in Volume 3 of this report. The screening cut sets
were truncated, based on probability, at 1 OE-08.

For the seismlc, fire, and flood analysis, the system fault trees were
resolved incurporating the location information through transformation
equat’'ons. This resulted in system cut sets containing both location based
fallures and multiple randow failures. The random failures were
probabilistically truncated in a manner consistent with the 1.0E-08 cutoff
used for the internal events analysis. The details of the transformations
and system solution metheds are described in the respective volumes of this
report (see Volumes 8, 9, and 10).

2.2.6 Initial Accident Sequence Evaluation

For beuch internal and external events analysis, the front-line system fault
tree solutions were then combined to create the accident sequence cut sets,
As with the fault tree solutions, new techniques had to be developed to
obtain the compleie sequence solutions because of the very large size of
the fault trees and uumber of interamediate cut sets generated during the
sclution process. These metliods are described in detail in Volume 3 of
this report and the specific screening analyses are described in the
appropriate sub-analyses volume (Volume 3 for internal, Volume 8 for
seismic, Volume 9 for fire, and Volume 10 for flood).

2.2 7 Final Accident Sequence Evaluation

For all of the analyses, the data for the random events was re-evaluated as
described in Volume 5 of this report. Recovery actions appropriate for the
particular analysis, component. and cut set were identified and are
described in the appropriate volume of this report (Volume 3 for internal,
Volume 9 for fire, and Volume 10 for floond) except for the seisuic analysis
wvhere the final quantification is described in Volume 2 of this repo:st.

2-6






P

5
¥







-~ -




T e P e T e T I

~ 430w a2

L | rs | vs |comi| cHR 1it::c:M.'a coMm3 SEQ s%ﬁs
1 oK
. 198 OK
il Sy co
4 co
5 cD
6 (1)
7 (1)
9 (1)
10 (1)
11 ()

(1) Sequence proceeds similar to VSS success except much faster. CHR success may be unitkely,

(2) Transfer to ATWS Tree, Figure 2.3.

Figure 3.2-1 LOCA Functional Event Tree
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3.2.1 Safety Functions
Reactor Subcriticelity ("5 r1 KS2)

Following a LOCA or transient, it is necessary to limit the core heat
generation by shutting down the nuclear reaction. This is norwally done by
fnserting the r-ntrol rods into the core. For ATWS scenarios, normal
mechanisms for inserting the control reods into the core have already been
assessed to heave f» ' led. The most likely reason for fallure to scram given
the existence of the alternate rod insertion system, which makes electrical
failure to scram probabilistically small, is mwechanical failure of the rods
to lusert, Backup systems and procedures are avallable fou reducing core
pover given a mechanical failure to insert the control rods.

Failure to reduce core power following a LOCA or transient can result in
quickly boiling off of the core coolant until the reactor water level has
stabilized due to the balance between the amount of water being injected
inte the core and the amoun! of water being boileld off due ‘o the power
level consistent with the water level. For LOCAs, the normal heat removal
system would be bypassed and the energy would be transferred directly to
the drywell. For transients, if a turbine trip doe. not occur and the
reactor continues as before, then no accident resulty, For transients with
turbine trip or transient-induced LOCAs (stuck open SRVs), since the
turbine bypass capability is only 25 percent of full power, the normal heat
removal system (if available) would uot be capable of removing all the
generated steam, The vessel pressure would increase rapldly due to the
high energy generation rate which would equilibrate at a rate consistent
with the par<icular injectiun system being used or decay heat if no
injection was available, Excess pressure would be relieved to the
suppression pool through the SRVs,

Containment and core damage are poseible 1f the operator falls to reduce
core power. Sequences involving fallure of the reactor suberiticality
function are transfered to the ATWS event tree and evaluated there.

1f the reactor suberiticalite fu- tion is successful, it is still necessary
to remove heat from the core ans replace lost coolant.

The event RS represents failure to shutdewn the reac.or early in the
accident, The event RS2 represents the ultimate shutdown of the reactor
after it has been stabilized,

Whether or not reactor subcriticality is successful, energy will continue
to be produced either at some equilibrium powsy level consistent with the
injection rate or at the decay heat level. For LOCA initiators, reactor
coolant system integrity has by definition failed and the energy will be
transfered directly to the drywell or, if the LOCA is small enough,
partially to the suppression pool via the SRVs. For transients, the RCS
integrity funetion allows the reactor coolant system pressure to be
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of the coolant through the SRVs to the suppreesion poel will also result in
a4 loss of ceolant that must be replaced. The emergency core cooling (ECC)
systems are designed to provide cooling water to the core from an external
source or from the suppression pool. This cooling water passes through the
core, removing heat and transferring it to the vapor suppressien pool. 1f
the original source of water was external, the ECC systems would be
realigned to take suction from the suppression pool to form a continuous
cireulation loop for cooling the core upon high level in the suppression
pool or low level of the source. Eventually, the stored heat in the
suppression pool must be transferred to the ultimate heat sink.

Non-emergency related systems are also capable of Injecting water from
externil sources Into the vessel during & transivat. However, these
systems are not capable of recirculating water from the suppression pool,

Failure of the coolait makeup function will result in loss of core cooling
and core dauage. Success of this function must be followed by removal of
heat stored in the suppression puol.

CCM]1 represents successful initial core coolant makeup early in the
accident Lo provent {mmediate core damage. CCM2 represents core coolant
makeup continuing to be successful after fallure of contalnment heat
removal but before contalnment failure or venting., CCM3 represents
cont!nued succeseful core coolant makeup after contalument failure or
venting., CCM2 and CIM3 are necessary because of the feedback offects of
the containment a-d ‘eactor bullding environments on the injection systems
performing the cooiant makeup function that are described below under the
containrent heat removal function,

Contalument Heat Removal (CHR)

In the later stages of a LOCA or transient initiated accident, the heat
buildup in the suppression pool can reach the pool's storage capacity. 1f
this storage capacity is exceeded, the suppression pool will boil and the
evolved steam can cause overpressurization and faflure of the containment.
Containment failure can potential.y result in core damage.

The containment heat removal (CHR) systems transfer heat to the ultimate
heat sink from the suppression poel via heat exchangers. The containment
heat removal systems are aligned to take suction from the suppression pool,
pass the water through heat exchaugers, and inject {t inte the core (LPCI
mode) , into the drywell (CSS mode), or back into the suppression pool (8PC
mode )

If the containment heat removal and core coolant makeup function are
successful, the plant ls stabilized and core Jamage is averted. The
accident is thus mitigated and no other functions are required.

For ATWS sequences, even If the normal heat removal path is available for

removal of energy being generated after failure of the reactor
subcriticality functlou, the reactor power level will be in the range of 9-
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178, depending on the systems operating. This is much higher than the
capability of the RHR system (about 28)., The energy beinyg penerated in the
vessel will be deposited in the suppression pool via the SRV discharge
lines cr Alrectly to the drywell 1f & LOCA exists. The excess energy, over
and above the RHR systems heat removal capacity, will resgult In vapid
contalnment pressurization,

Fallure of the containment heat removal function can have a feedback effsct
that cesults in fallure of the core coolant makeup function. This failure
can come about elther before or after containment venting or structural
fatlure of the containment from overpressure created by the fallure to
remove decay heat. Ax the contalnment pressurizes, the containment
pressure, temperature, and suppression pool temperature all increase. High
contalnment pressure can result in isolation and fallure of the RCIC
system. low pressure injection systems will fall te {nject when the ADS
valves reclose and the RPV repressurizes (this 1s not lmportant for LOCAs
where the RPV will remain depressurized from the break itself). Very high
pressures and temperatures can result in direct fallure of the ADS valves
which are not designed for such environments., High suppression pool
temperatures can result in fellure of systems pumping such high temperature
water ot from lees of NPSH when the pool becomes saturated. After
cortainment venting or failure, high temperature steam may be blown into
the reactor bullding depending upen the location of the failure (failure to
the refueling floor will not blow steam into the reactor bullding). This
blowdown will create severe envirepments in the reactor building well
beyond the hareh environments ususlly evaluated. Most systems have
components in the reactor building that would be subject to sucn
envirorments and fajlure of the ECC and other systems after contalnment
tallure due to these wnvironments would result in core damage with an
already falled containment,

For ATWS sequences, if only low pressure injection systems are working and
RHR works, LTAS caloulations, described In Volume & of this report, show
that the containment pressure will equilibrate near the ADS reclosure
pressure. The low pressure injection systems stop injecting as the
containment pressure rises due to the energy pgenerated when the core ls
reflooded, the ADS valves reclose, and the RPV repreasurizes. As the
reactor goes subcritical, with injection stopped, the RHR system can then
reduce containnent pressure below the reclosure pressure, and the ADS
valves reopen, The low pressure injesction systems can re-inject water into
the core snd the process starts over again, 1f venting occurs, or both RHR
and venting are successful, the containment pressure will equilibrate above
the vent pressure but below the ADS reclesure pressure, Low pressure
injection will go on and off as the RPV pressure goes below and above the
low pressure injection pumps shutoff nead, These scenarlos assume that
injection does not fail froem the severe environmenis produced in the
resctor bullding after venting or from the . lve cycling in the Injection
lines as the RPV pressure varles (this is accounted for elsewhere in the
model) .

Successful residual heat removal can result in core stability {f core
coolant makevp continues to he available,
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1.3 Systems Avallable to Perform Required Functiens

The fro<t-line systems available at LaSalle for witigating LOCAs and
transients are presented Iin Tables 3.3-1 and 3.3-2 respectively. Detailed
descriptions of the systems listed are given in the corresponding fault
tree analyses sections presented in Volume 6 of this report.

A dependency matrix showing the system interdependences is given in Table
3.3.3 for all of the systems for which fault tree models were develcped in
this analysis. Detailed descriptions of all of the systems can be found In
Volume 6 of this report. The primary systems are listed across the top and
the support systems they depend on are listed down the side.

3.4 Systemic Fvent Trees

The logle and suppoiting calculations used to develop the systemic accident
sequence event trees are described in detail in Volume 4 of this repurt.
For this summary, we simply present the results of that analysis.

3.4.1 LOCAs

The three LOCA initiating events are evaluated on a single LOCA event tree.
This is possible since the general plant respouse is similar for all three
sizes of LOCAs. However, the success criteria for safety-rrlated systems
vary with the size of the LOCA., The difference in the success eriteria is
accounted for by inclusion of the initiating events in the system fault
trees,

AL large LOGCA

A large LOCA is any break in the reactor coolan® system piping which could
lead to the loss of a sufficlient amount of coolant to result in a rapid
depressurization of the reactor system.

83 i Mediun LOCA

A medium LOCA {s of a size such that rapid vessel depressurization does not
ocour. Therefore a high pressure coolant injection system is required or
the vessel must be depressurized. The size of a medium LOCA Is dependent
upon location. A liquid break between 0005 and 0.3 ft? or a steam break
in the range 0.1 to 0.3 ft? will result in a medium LOCA.

§,.. Small LOCA

A small LOCA is characterized by slow or no vessel depressurization aind a
gradual inventory loss from the vessel. The high pressure coolant makeup
systems including RCIC can be utilized to mitigate a small LOCA. A small
LOCA is defined as a liquid break less than or equal to 0.0005 ft? or a
steam break =0.1 ft2,

The LTAS code, developed at Oak Ridge National Laboratery (ORNL}, was
modifled to represent the LlaSalle plant. The code was base-lined to a
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Table 3.3-2

TRANSIENT FUNCTION/SYSTEM RELATIONSHIP

Function

Systems

Reactor Subcriticality

RCS integrity
Early Containment Overpressure
Frotection

Core Coolant Makeup
(High Pressure)

(low Pressure)

Containment Heat Removal

Reactor Protection System (RPS)
Recirculation Pump Trip (RPT)
Alternate Rod Insertion (ARI)
Standby Liquid Cuntrol Systea (SBLC)

Safety/Relief Valves (SRV) open
SRV Closure

Vapor Suppression System (VSS)

Main Feedwater (MFVW)

High Pressure Core Spray (HPCS)

Reactor Coolant Isolution Cooling (RCIC)
Control Rod Drive (CRD)

Automatic Depressurization System (ADS)
Low Pressure Core Spray (LPCS)

Low Pressure Coolant Injection (LPCI)
Condensate System (CDS)

Diesel Driven Fire Water (DDFW)

Residual Heat Removal System (RHR)
Suppression Pool Coeling (SPC) mode
Jentainment Spray System (CSS) mode
Shutd m Cooling (5DPC) mode

Power Conversion System (PCS)
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Flgure 3.4-1

{Concluded)

LaSalle LOCA Systemic Event Tree

Descriptor

Description

Intermediate Condensate
Available

Intermediate LPCI
Available

Intermediate LI'C§
Avallable

Containment Venting

Late Control Red Drive

Containment Fallure Mode

Injection System
Survival

-

Use of CDS, after RHR and RCIC
fallure, to coel the core.

Use of LPCI, after RHR and RCIC
failure, to cool the core

Use of LPCS after RHR and RCIC
fiuilure to cool the core.

Use of containment venting to
reduce containment pressure after
failure of RMR,

Use of one CRD pump in very long-term
accidents with loss cf containment
heat removal and failure of other
injection to cool the core, small
LOCA only.

Structural fallure of containmen.
Leak (upper branch) or rupture
(lower branch).

Survival of any available in ection
systems in severe reactor building
environments after containment
fallure or venting.
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?f Event
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% cos 1
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Figure 3. 4.2 (Concluded)
LaSalle Transient Systemic Event Tree

Event Descriptor Description
spPC Suppression Pool Couling Use of SPC mode of RMR for
containment heat removal.
CSS§ Containment Spray Use of CSS mode of RHR for
contal’ nt heat removal,
CRDZ Intermedliate Control Use of two CRD pumps late in
Rod Drive accident ‘or injection,

ADS 1 Intermediate Reactor Use of ADS to depressurize and use
Vessel Depressurization low pressure injection system after

RHR ind RC1C iailure.

cps 1 Intermediate Zondensate Use of CDS, after RHR and RCIC
Available fallure, to cool the core.

LPCT 1 Intermedlate LPCI Use of LPCI, after RM«{ and RCIC
Available failure, to cool the core,

LPCs 1 Intermediate LPCS Use of LPCS, atter RHR and RCIC
Available fedlure, to cool the core.

VENT Contalnment Venting Use of contalnment venting to
reduce containment pressure after
failure of RHR.

CRDI Late Control Rod Drive Use of one CRD pump in very long-term
accidents with les of containwent
heat removal and failure of other
injection to cvel the ~ore.

SRUP Containment Failure Mode Structural tuilure of containment
Leak (upper branch) or rupturs
(lower branch).

SUR Injection Svetem Survival of any available injection

Survival systoms in severe reactnt building

environments after convalrment
failove or venting.
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In additicn, LaSalle specific calculations were verformed with RELAPS,
LTAS, and MELCOR for various accident sequences. As menticned in se tion
3.4.1, the LTAS code was modified to rejresent the LaSalle plant and five
transient calculations verr performed. In addition, an integrated model
was constructed for use with the MELCOR code. MELCOR calculations
beginning at reactor trip and progressing through core damage, melt, vessel
breach, containment heatup and fallure, and release of radionuclides to the
environment wire performed. The results of these calculations are
described in Volume 3 of the Level 11/111 report and were mainly used for
the Level 11/111 analysis.

3.4.3 AIVS Event Iree

Becsuse of the unique characteristics of the ATWS events, the dilferences
among the various initiating events in their effect on the accldent
progression are julged to be small. One general systemic ATWS event tree
has been constructed and the effects of the various initiaters will be
inserted inte the system fault trees for thuse ‘ystems that arve affected.
Individual ATWS trres for each initiator were constructed to determine if
any differences ware significant enourh to warrant separate trees. There
vere none,

The LaSalle Unit 2 ATWS procedure was revised to corrvespond to the BWR
Emergency Procedure Guidelirss (EPGs) Revision 3.7 The EPCs address an
ATWS situation in Contingency #/ “"Level /Power Control". The EPGs were used
in gulding the construction of the ATWS event tree.

The EP{ strategy fcr dealing with an ATWS can be summarized as follows:
(1) attempt manual scram, (2) begin manual insertion of control rods and
initiate SBLC {f manual scram fails, (3) reduce cor~ power by taking manual
contro] of the reactor vessel injection systems and lowering the reactor
vessel water level to the top of the core («hich increases the core ‘roid
fraccion but also prevents boron mixing), (4) once su.ficient sodlium
pentaborate has been iInjected, increare the vate of reactor vessel
injection so that normal reactor vess:l wacer level is restored to promote
natural cireculation flow and boron mixing, and (%) bring the reactor to
cold shutdcam.

A study pertcrmed at COak Ridge as part of the SASA progrem of ATWS
sequences for Browns Ferry Unit One* indicates that the “"instructions
provided by the EPGs, if properly interpreted and implemented by the
operators, would provide a satisfactory reactor shutdown and accldent
ternination® of the MSIV.closure ATWS anslyzed in the study. However, the
Oak Ridge study also indicated some potential problem areas. The most
important of these is that the operator can be directed to manually reduce
reactor pressure during an AIWS. (rhis is to ensure thct the thermal
energy re.eased Aduring a LOCA can be condensed in a sppression pool. As
the suppression pool temperature increaser above 165 °¥, the operator is to
depressurize the vessel according to a supplied graph.) The calculations
performed {ndicate that manual depressurization during an ATWS is very
tricky and, depending on the situaticn, can result {n resctor power and
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Figure 34-3 LaSalle ATWS Systemic Event Tree
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Figure 3.4-3

{Continued)

LaSalle ATWS Systemic Event Tree

Descriptor

Description

Css

VENT

CRD1

SRUP

ULTSD

Containment Spray

Containment Venting

Late Comntrel Rod Drive

Concainment 'allure Mode

Injection System
Survival

Ultimate Shutdown

Use of CSS mode of RHR to remove
decay heat {f reactor is shutdown or

partially remove energy if reactor .s

not shutdown,

Use of contalnment venting, with or
without SPC or CSS to maintain
contairment pressure below
structural failure limit,

Use of one CRD pump late in the
accident to wmaintain coolant
injection,

Structural failure of containment
Leak (upper branch) or rupture
(lowes branch).

wurvival of any available injection
systems in severe reactor bullding
environments after containment
failure or venting.

Use of any injection path to put
Boron inte the core or repalr of
centrol rod mechanisms to render
reactor subcritical.




Figure 3.4-3
LaSalle ATWS Systetic Event Tree (Continued)

Notes

18

2)

3)

)

)

6)

)
8)

9)

if MFW succeeds, RPT failure will be negligible since it depends
upon the same power sources as MFW. If power fails MFW, then {t
will also fail the RCPs. If RPT does fail, either PCS will have
succeeded in which case we have an Ok sequence or, if PCS fails,
MFW will behave as in note (3) and the RCPs will fail on low
suction pressure (the peak pressures will be below level D stress
limits).

1f MFV fails, RPT is not relevant since RPV level can not he
maintained and the resulting low level will result in RCP failure
on low suction pressure. Sequences transfer to (4).

MFW can not continue to run for more than about 8 minutes without
depleting the main condenser unless the operator contrels level.
The injection rate must be controlled to = 1800 gpm, the makeup
rate from the CST. This means that RPV level will be “slow TAF.

Transfer sequences from (2).

Cperators are instructed by EOPs not to use inhibit switech for ADS
but to reset timer.

For cases vhere no cholce is ziven, ADE success or failure will not
affect sequence timing or end result significantly. 1f the
operator opens the SRVs to biing pressure down or aute ADS occurs
due to low level, power will increase from about 12% to about 18%,
LTAS code calculations show that ADS and subsequent HPCS, LPCS, or
LPCI iInjection will not produce excessive power spikes. Level will
remain at about 2/3 TAF, the low pressure injection systems will
inject enough to raise pressure above their shutolf heads, and ,if
HPCS 1s working, they will remain shutoff since the pressure will
not decrease back Lelow their shutoff heads. 1f HPCS is not
working then oscillatory behavior results (mild pressure
variations) .

Containment pressure increases until containmen* failure occurs,

RHR and Venting success - Containment pressure (90 psia, 321 F)
remains below ADS reclosure pressure, Oscillatory behavior results

rom RPV pressure exceeding low pressure system shutoff heads,
injection valves cycle (16 times/hr.).

RHR OK and Venting failuve - Containment pressure increases to ADS
reclosure pressure then oscillatory behavier results (100 psia, 321
F) from RPV pressure exceeding low pressurc system shutoff heads,
injection valves cycle (11 times/hr.).
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4.0 Discussion of Core Damage Results

This section susmarizes the results of the individual internal, fire,
flood, and seismic analyses and the final integ ated lovel 1 analysis.
Section 4.1 discusses the general results of the integrated analysis;
section 4.2, the results of the internal analysis; section 4.3, the results
of the fire analysis; section 4 4, the results of the flood analysis. and
section 4.5, the results of the selsmic analysis, Es.n section discusses:
the dominant sccident sequences, the dominant cut sets, the events most
significant to risk reduction, the events most significant to risk
increase, and the events most luportant to uncertainty.

*

4.1 Results of the I-tegrated Avalysis
4.1.1 Introduction

Table 4.1:1 shows the TEMAC code results for the finel quantificatlon of
all the sequences that remained in the analysis after the Initlal sereening
quantification, Some of the results are very low due to the application of
recovery actions, the impact of the severe envivomnment analysis, and the
data revision performed for the final quantification. Since the general
truncation eriteria for this analysis was 1 . OE-O8/yr. in the screening
phase, accident sequences remaining in Table 4. .11 with final frequencies
below 1.0E-08/yr. can not be said to be ranked correctly in terms of thelr
absolute contribution to the total frequency of core damage. Othe:
sequences, which did not survive the inirial screening, are not in thelr
apuropriate places on the table. These sequences, which were dropped from
the analysis, may or may not have significant recovery, severe environment ,
or data effects to reduce their frequencies roughly proportionally to that
of the sequences retained in the analysis.

For the lLaSalle internal events analysis, the initiating events were
included in the fault trees. The result was that there were not as many
sequences to solve as in other PRAs. There were a total of 50 rransient
sequences, 45 LOCA sequences, and 95 ATWS sequences that lead to core

e. Of these 190 sequences, 54 remained to be evaluated in the final
quantification and these all appear in Table 4.1-1. The other 136
sequences that did not survive the screening process ave in most aspects
very similar to the sequences that did survive. The effect of the
application of recovery, the severe environment offects, and the data
vevision upon the frequency »f the sequences that did survive was reviewed.
Then similarities of the components appearing in the cut sets between those
sequences which survived and those which did not were e amined. Ve
conclude that the sequences whish did not survive screening would have
their frequencies reduced roughly the same as similar sequences which did
survive the screening. Since sequences with mean frequencies greater than
or equal to 1.0E-08/yr. comprise 99 9% of the total cove damage frequency
of those sequences analyzed, we conclude that the sequences which did not
survive the screrening process would have a negligible impact on the final

result.
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are broken Inte; 1) LOSP, 2) AC Bus Failure (T101, T102), 3) DC Bus Failure
(T9A, T98), 4) Turbipne Trip (T1, T2), 5) Loss of Feedwater (T3, T4, T3),
and 6) All Others,

By examining the above plots and figures, one can see that seizmic
sequerices do not contribute significantly to the integrated core damage
frequency at LaSalle. Flood sequences are moderate contributors at all
quantiles of the distribution. Since the integrated core damage f{requency
distribution is very similar to the internal events core damage frequency
distribution in all but the 90 to 100th quantile range, the integrated core
damage frequency distribution comes mostly from internal events, However,
at the very tvop of the distribution, one can see that the fire sequences
contribution actually becomes greater than that for the internal sequences.
This occurs at a*out the 95th percentile The dominant fire sequeice is
initiated by a contrel room fire and the sparse fire data for calculating
control room fire initiating event frequencies results in a distribution
with very wide uncertainty bounds. The mean value of the fire core damage
frequency 1is dominated by a few of the 40C Latin Hypercube observations
and, in these cases, the fire contribution can be substantial,

The results of the integrated analysls are presented and discussed in
detail in Volume 2 of this report.

4.1.2 Dominant Sequences of the Integrated Analysis

In this section we will discuss the characteristics of the dominant
sequences which individually contribute greater than 1% of the total core
damage frequenry These sequences are listed in Table 4.1-1.

The dominant sequence at LaSalle is T100, This sequence contributes 35 4%
of the total mean core damage frequency and involves a transient initiator
followed by successful scram, successful opening and reclosing of the SRVs,
fai'ure of all high pressure injectlon, successful depressurization of the
primary system, and failure of all low pressure injection, The failure of
injection can be either immediate or delayed depending on the particular
cut set; however, the deminant cut sets have immediate failure. The
dominant cut sets have a loss of offsite power initiator followed by loss
of onsite power to the safety buses by common mode failure of the diesel
generators leading to a station blacksut, RCIC fails either immediately or
delayed and core damage results before injection can be restored,

The second most dominant sequence at LaSalle is FIRE-CR. This sequence
contributes 17.2% of the total mean core damage frequency and involves a
control room cabinet fire. The fire grows into a large fire that is not
suppressed in time and control room evacuation is necessary. The fire
results in failure of the injection systems and contrel is not successfully
reestablished using the remote shutdown panel. Core damage results from
the loss of all injection,

The third most dominsnt sequence at LaSalle is FIRE-W2. This sequence
contributes 8.3% of the total mean core damage .cequency and involves a
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because of the loss of train A cabling, and the containment fails on
overpressure either by leak or rupture. Depending upon its lecation, tais
containment failure (e.g., in the reactor bullding net to the refueling
floor) will produce an environment which could cause injection sy stems that
are operating or that may be able to operate to fail. The ovorall time
available to the operators to perform their recovery actions is
approximately 27 hours. The amcunt of time available depends on the
failures that constitute the cut set and what recovery action is being
considered.

The seventh most dominant sequence is FS$2 which contributes 3,.9% of the
total mean core damage frequency. This sequence {s initiated by a flood
resulting from the rupture of a valve in the service water piping in the
southeast corner of the ground floor of the unit 2 reactor building and the
operator fails to i{solate the {lood within 7.3 minutes. The flood directly
results in the failure of all systems depending on service water, The
flood propagates to the corner rooms resulting in failure of all injection
and cere damage results,

The eighth most dominant sequence is FIRE-T which contributes 2 8% of the
total mean core damage frequency. This sequence inveolves a transient
combustible fire in the Unit 2 auxiliary equipment room., The fire results
in the failure of train A cabling and the less of train A injection #nd
RHR. However, the cabling does not result in the loss of power to the
venting system and venting is possible. Two sets of cut sets occur, with
and without venting, Random failure of train B RHR results in a long-term
loss of containment heat removal sequence similar to FIRE-W2.

The ninth most dominant sequence is FIRE-Wl which contributes 2.2% of the
total mean core damage frequency. This sequence is the same as FIRE-W2
except that the fire i{s in a switchgear cabinet.

The tenth most dominant sequence is FIRE-Y1 which contributes 2.2% of the
total mean core damage frequency. This sequence is the same as FIRE-Y2
except that the fire is in a switchgear cabinet.

The eleventh most dominant sequence 1is T20 which contributes 1.9% of the
total mean cecre damage frequency. In this sequence, we have a transieut
initiator fnllowed by successful scram and SRV operation. Tha main
feedwater system fails but HPCS and one train of the CRD system work
providing high pressure injectior. Ths normal containment and primary heat
removal systems fail, and venting fails. Containment pressure increases
until rupture occurs. Depending upon its location, this rupture will
produce an environment which could cause injection systems that are
operating or that may be able to operate to fail. The overall time
available to the operators to perform their recovery actiong is
approximately 27 hours. In some cases (e.g., venting) less time is
available. The amount of time available depends on the failures that
constitute the cut set and what recovery action is being considersd.
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The fourth most dominant cut set, responsible for 3.9% of the total mean
- core damage frequency, is from the internal flood sequer~e, F$2. This cut
T set represents an internal flood f{nitiated by a service water valve rwiure
s {a the southeast corner of the ground floor. The loss of service water
1e directly fails main fecdwater and condensate. The operator fails to
rﬂ' : identifv und isolate the flood within 7.3 minutes and the flood fails the
P RHR B MCC and floods the HPCS, CRD and LPCS, RCIC corner rooms. Overflow
i}

r

r

also reaches the RHR A room. All injection systems have, therefore, failed
and core damage results.

8 The fifth most dominant cut set, responsible for 1.1% of the total mean
b core damage frequency, is from the T62 sequence. This cut set involves a
e loss of offsite power followed bv failure of all three diesel generators
: from common cause faliure of the CSCS cooling water pumps. This results in
a station blackout. Unlike the T100 sequence RCIC is successful and runs
for about 6 hours when it fails on either bLatcery depletion or high
pressure in the primary contalnment resulting in system trip. Offcite
At power is not restored within 8 hours and delayed core damage results,

These five cut sets contribute 56.6¢ of the total wmean core damage
; frequency. All other cut sets contributs less than 1.0% each to *he total
5 core damage frequency. There are, however, a lot of them an they make up
ke the other 44%.

4.1.4 Risk Reduction Measures for the Integrated Analysis

The risk reduction measure describes the effect on the core damage
- frequency ot decreasing the failure probability or frequency of a specific
failure to zero. The component failure or event is assumed not to occur.
The total cove damage frequency is then reevaluated wirh this event at zero
and the change in total core damage I‘requency is the risk reduction
measure. A cowplete list of the rick reduction measures for all events
contributing to the integrated core damage frequency is given :n Volume 2
of this report. Only those events with a risk reduction greater than about
. 1.0E-05/yr, are discussed here. This measure identifies those events
where, if one could reduce the failure probability or modify the design to
eliminate the dependency on this event, significant reduetion in core
damage frequency could be obtained.

The dominant event for risk reduction is the loss of offeite power
initiating event freyuency with a risk reduction of 2 26E-05/yr. This
L event directly affects the frequency of the dominant sequence T100.

L

\

Three events are of second, third, and fourth importance for risk
rveduction. They are all associated with the control room fire sequence:
the control room [fire initiating event frequency, the failure to suppress
the fire, and the failure to recover using the remote shutdown panel
Roduction of any one of these events reduces the secord most dominant
sequence. Each has a risk reduction of 2. 18E-03/yr.
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The niuth to eleventh mwst dominant classes ste events which represent
failure of equipment ‘n the severe environmonts produced in the reactor
building after centainment failure by leakage These events are a
combination of the conditional probability of containment failure to the
reactor bullding and the failure of various systems equipment due to the
severe environaents., The classes represent 9.8, B 8, and 8 7% reductions
in the varianze of the lop >f the top event, respectively,

The twelfth and thirteenth most dominant c¢lasses are composed of events
which represent circuit breaker failure to remain :losed These classes
represent 5.7 and 5. 1% reductions in the variance of the log of the teop
event, respectively. The difference is again in the different test
intervals for the two sety of circuit breakers.

ALl othir classes represent less than 5% reductions in the variance of the
log of the .., ~vent., The events that compose them can be understood by
looking up the event wes...ptlons i Appendix B vf Volume 2 of this report,

4.2 Summary af the Results of the Internal Events Analysis
4.2.1 Dominant Internal Svent Eequences

The results of the internal events analysis are presented and discussed in
dotatl in Volume 3 of this report. Table 4.1-! includes all fifty-four of
the sequences that survived the internal events screering process. The
gequences ace ordered from most dominant to least dominant as determined by
the meaw value from the TEMAC calculation.

The mean core damage frequency for internal events is 4 . 41E-05/yr. for the
LaSalle plant, 'The lower Sth %-ile = 2. 05E-06/yr,, the median « 1, 64E-
05/vr., and the 95tk %:1)Je = 1, 39E-04/yr. A CDF of the core damage
frequency resulting from internal event iniclated sequences is given in
Figure 4.1:2.

The mesn core damage frequency is low encugh that the NRC's tentative
safety goals can be met and is low considering that this is the first rime
a detailed PRA has been performed on the plant. Typical internal event
core damage frejuencies obtained in the past for first time PRAs have been
in the low 1.0E-4/yr, range. This is usually due to the identification of
some design and construction errors that resultved {n a loss of redundancy
and some cove damage sequences vith high frequencies of occurrence. The
LaSalle plant, being a modern BWR design, has highly redundant and
independent systems which tends to ameliorate these types of problems.
While some design faults were found in the analysie, none were of
sufficient severity to result in sequences with high core damage
frequencies.

The dominant internal sequence is TI00 which contributes 64.13% of the mean

core damage frequency from internal evants., In this sequence, we have a
transient initiater followsd by successful scram and SEV operatios- All
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high and low pressure injection systems fail and cu e damage ensues., The
cut sets fall into two groups! (1) an earir core camage scenario where all
AC is lost initi:lly and PZIC fails and (2) a late core damage scenario
where AC works for a while and then fails. For the late scenario, there is
about 10 hours for recovery actions to be completed. For the early
scenario, there ls about 80 minutes.

The second most dominant internal sequence is T62 which contributes 1. .t%
of the mean core damage frequency from internal events. In this sequernce,
we have a transient initiator followed by successful scram and LRV
operation. All high pressure injection except RCIC fails und containment
eud primary system heat removal fail, The ADS system works but the low
pressure systems are failed. The overall time available to the operators
to perform their recovery actions is approximately 2 hours. In some cases
(e.g., restoring offsite power when a DC has run for some period of time)
more time is available, The amount of time available depends on the
failures that coustitute the cut set and what recovery action i1s being
considered.

The third most dominant internal sequence is T18 whizch contributes 11.1% of
the mean corve damage frequency from internal events. Il this sequence, we
have a transient initiator followed by successful scram and SRV operatior.
The main feedwater system fails but HPCS and one train of the CRD system
work providing high pressure injectlion. The normal contaivment and primary
heat removal systems fail, and venting fails. Contalnment pressure
increases until a leak develops. Depending upon its location, this leak
will produce an eonvironment which could cause injection systems that are
operating or that may be able to operate to fail, The overall time
available to the operators to perform their recovery actious is
approximately 27 hours. In some ceses (e.g., venting) less time is
available. The amount of time availahle depends on the failures chat
constitute the cut set and what recovery action is being coriidered.

The fourth most dominant Internal sequence is T20 which contributes 2.9% of
the mean ~ore damage frequency from internal events. In this sequence, we
have a transient initiator followed by successful scram and SRV operation,
The main feedwater system fails but HPCS and ore train of the CRD system
work providing high pressure injection. The normal containment and primary
heat removal systems fail, and venting fails, Containment pressur.
increases until rapture oceurs. Depending upon its location, this rupture
will produce an environment which could cause injection systems that are
oprrating or that may be able to operate to fail. The overall time
available to the operators to perform their recovery actions is
approximately 27 hours. In some cases (e,g., venting) less time is
available. The amount of time available depends ~~» (he failures that
coustitute the cut set and what recovery action is being cousidered,

The fifth most dominant internal sequence is T22 which contyibutes ” 5% of

the wean core damage frequency from internal events. In this ceiguence, we
have a tiansient initiater followed by successful scram and SRV operation,
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point estimate for retentien in the uncertainty calculations. Originally
thare were 11,452 cut sets and after truncation 3589 cut sets remained.
TEMAC was then used to perform a full uncertainty calculation on the
remaining cut sets. A complete list of the internal initiator cut sets
after truncarioa can be found in Appendix A of Volume 3 of this report.

The two dominant cut sets represent short-term station blackouts resulting
from a 'oss of offsite power followed by a common mode failure of the CSCS
cooling water pumps which fails the diesel pgenerators and ECCS room
cooling. 1In the first dowinant cut set, responsible for 21.2% of the mean
core damage frequency f.om internal events, the RCIC inboard iseolatien
valve closes due toe a sneak circuit that occurs when offsite power is lost
and the emergency DCs are started. The operator fails to reopen the valve
in the short time between the DCs starting and then failing soon after due
to the loss of cooling and, since the isolation valve is AC powered, it can
not be 2eopened. Offsite power is not restored within 1 hour and core
damage teaultg after primary coolant boileff in about 80 minutes.

In the second cut set, also responsible for 21.2% of the mean core damage
trequency from internal eveats, the valve isolation occurs because RCIC
room cocling has fai'ed and the room heats up to the isolation temperature,
In an event whers all AC power has failed Immediately, this high
temperature isolation is bypassed and RCIC would continue te work,
However, in this ~ase, AC power works for scme period of time until the DGs
fail on loss of :ooling., RCIC is on trainm A and, if the train A diesel
fails before the train B diesel, then the RCIC room temperature will rise
on loss of room coeling and RCIC wil! isolate since train B AC power is
available. When train B AC power is then lost, the valve can not be
reopened. This event was conservatively modeled as alwsys resulting in
isolation, This clearly is not the case, since: (1) some of the time the
train B D5 «il1l fail before the train A DG, (2) the operator may veopen the
valve before the train B DU fails, (3) the time interval between the train
A and train B DG failures way n~t be sufficient for the room to reach the
isolation temperature, or (4) the RCIC system could be isolated from the
sneak cirvcuit described above.

The thir . cut set, responsiblc for 2.3% of the mean core damage frequency
from internal events, is similar to the first two except that RCIC
coritinues to work. RCIC fails at about & hours when either the battery
depletes or the containment pressure results in isolation of the steam
discharge line;, Core damage occurs abeut 2 hours after the loss of all
injection at about 8 hours. The top three cut sets, while correct in
themselves, double count some of the frequency contribution because they
are not completely independent. Due to the complexity of the interactions
between the sneak circuit and the system isolation on room temperature for
various AC power states, it was not pessible to easily model this process
exactly in the fault trees. The sneak circuit will always occur if the
appropriate DG restarts after the loss of offsite power; but, only 1if the
operator reopens the valve can the room temperature isolation come in to
play. If the operator reopens the wvalve in both cases, then RCIC can
continue to work.
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tost important event is the non-recovery of offsite power within one hour
with a risk reduction measure of 1 B9E-05/yr., The third and fourth most
important events are cuncerned with the CSC§ cooling water pump common mode
failure and are the pump vandom failure probability and the common mode
beta factor which links the pumps together, each with a risk reduction of
1.77E-05%/yr. The fifth and sixth most important events are related to the
RC1Z slation problem: either the isolation on room high temperature or
the sneak circuit with risk reductions of 1,0%9E-5/yr. and 8.87E-06/yr.,
respectively.

4.2.4 Risk lncrease Measures for Internal Events

Risk increases for each individual sequence and the Integrated internal
event results are presented in the TEMAC outputs shown in Appendix A of
Volume 3 of this report. In this section, we will discuss only the
int.grated internal event results.

As with the risk decrease measure, certain events caa have negative risk
increase implying that the risk decreases as their probability is
increased, 1In fact, the same two events that have negative risk decreases
have negative risk increases. In additica, the CONT-LEAK event also has a
negative risk increase. For examplc, as the probability of the operator
failing to vent increases the core damage frequency goes down because, for
the dominant sequences, there is less probability of severe enviromments if
the containment fails than if its vented as described above.

The most important event for risk increase is the failure of the circuit
breaker from 4160 VAC emergency bus 242Y (train B) to 480 VAC buses 236X
and 236Y with a risk increase of 2,89E-02/yr. This fails all of train B
emergency AC power. The second most important event is reactor scram
failure with a risk increase of 1.19E-02/yr. Even though ATWS sequences at
lL.aSalle are very low and do not dominant the core damage frequency, if the
failure to scram probability increased, they would become very important.
The third most important event is the CSCS cooling water pump random
failure probability which determines the level of the cooling water common
mode event. This event has a risk increase of 7 .05E-03/yr. The next ten
events are electric power circuit breaker failures or unavailability due to
maintenance which result in degraded AC and DC power states.

4,2.5 Uncertainty Importance Measures for lnternal Events

For the LaSalle analysis, the result of this caleculation for each accident
sequence and for the integrated internal event results are presented in
Appendix A of Volume 3 of this report. Only the integrated internal event
results will be discussed in this section,

The dominant class of events, responsible for a 28 ¢% reduction in the
variance of the log of the top event, is uncertainty in the probability of
control circuit failure. This class includes valve, circuit breaker, pump,
and fan control circuit failures, The second and third most dominant
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classes are deenergized relays fallure to energize, responsible for a 16.5%
and 16.3% reduction (two class were modeled with different exposure times
which decoupled  he LHS distributions in the LHS sample; they were
correlated, however). The fourth and fifth mwost dominant classes are
failure of energized relays to remain energiznd, responsible for a 16.1%
and 15.8% reduction (these were also divided into two groups). The sixth
most dominant class is the loss of offsite power initiater which is
responsible for a 12.5% reduction. The seventh most dominant class is
diesel generator failure to start which is responsible for a 6, 8%
reduction. The eighth to tenth wost dominant classes are the severe
environment failure probabilities of various types of equipment,
responsible for 6.5%, 5.4%, and 5.3% reductions, respectively.

4.3 Summary of the Results of the Internal Fire Analysis

4.3.1 Dominant Fire Seguences

The results of the internal fire analysis are presented and discussed in
detail in Volume 9 of this report. Table 4.1-1 lists all fifteen of the
sequences that survived the screening process., The sequences are ordered
from most dominant to least dominant as determined by the mean valve from
the TEMAC calculation.

The mean core damage frequency for fire events is 3.21E-05/yr. for the
LaSalle plant. The lower 5th %-ile = 1.32E-07/yr , the median = 1.99E-
06/yr., and the 95th %-ile = 5.94E-05/yr. A CDF of the core damage
frequency resulting from internal fire initiated sequences is given in
Figure 4.1-2,

The most dominant fire sequence at LaSalle is FIRE-CR. This sequence
contributes 43.3% of the total mean core damage frequency from fires and
involves a control room cabinet fire, The fire grows into & large fire
that is not suppressed in time and control room evacuation is necessary.
The fire results in failure of the injection systems and control is net
successfully reestablished using the remote shutdown panel. Core damage
results from the loss of all injection.

The second most dominant fire sequence at LaSelle is FIRE-W2, This
sequence contributes 20.9% of the total mean core damage frequency from
fires and involves a fire in the Unit 2 division 2 essential switchgear
room. This is a transient combustible fire that grows large enough to
damage the train B equipment cabling that passes through the area. The
result is failure of train B RHR and any train B injection systems. Random
failure of the other RHR train results in a long-term loss of containment
heat removal sequence. Injection into the core is successful from either
train A injection systems or HPCS depending on the cut set, The
containment pressurizes, venting is not possible because of the loss of
train B cabling, and the containment fails on overpressure either by leak
or rupture, Depunding upon its location, this containment failure (e.g.,
in the reactor building not to the refueling floor) will produce an
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sets were included. A complete list of the cut sets for the individual and
integrated calculations can be found in Appendix F of Volume 9 of this
report.

The dominant cut set, responsible for 64.5% of the mean core damage
frequency from fires, is the cut set that represents the fire in the
control room sequence FIRE-CR. This cut set represents a fire initiating
in the contrel room, not being suppressed before it grows large enough to
require evacuation af *he cor.rol room, and failure of the operators to
recover control of the plant from the remote shutdown panel,

“oe second most dominant cut set, responsible for 1.6% 6f the mean core
danage frequency from fires, is the dominant cut set in the FIRE-W2
sequelice. This cut set represents & large transient combustible Ffire
starting in a switchgear room, and fail! 3 train B RHR and any train B
injection systems. Random failure of the other RHR train by blockage of
the RHR heat exchanger results in a long-term loss of containment heat
removal segquence, Injecticu inteo the core is successfu! from HPCS. The
containment pressurizes, venting is not possible because of the loss of
train B e-“ling, and the contalmment fails on overpressure by leakage. The
containm : © Jailure is to the reactor building, not to the refueling floov,
and produc - i severe environment which causes the HPCS system to fail
resulting in core damage.

The third most dominant cut set, responsible for 1,5% of the fire mean core
damage frequency, is the dominant cut set in the FIRE-E-83 sequence. This
cut set reprasents a transient combustible fire in the corridor adjacent to
the Unit 2, Division 1, essential switchgear room. The fire is not
suppressed in time and failure of offsite power and train A and B power to
ECCS systems ocours., AC power is still available for venting and venting
is successful. After venting, severe environments are produced in the
reactor building and fail the HPCS and diesel-driven fire water systems
resulting in core damage

The fourth most dominant cut set, responsible for 1.2% of the fire mean
core damage frequency, is the dominant cut set in the FIRE-T sequence.
This cut set ipvolves a transient combustible fire in the Unit 2 auxiliary
equipment room. The fire results in the failure of train A cabling and the
loss of train A injection and RHR. Random failure of the train B RHR heat
exchanger by bluckage results in a long-term loss of containment heat
removal sequence similar to FIRE-W2. However, the fire did not fail
cabling to the wveating system and venting is successful. After venting,
severe environments are produced in the reactor building and fail the HPCS
and diesel-driven fire water systems resulting in core damage.

The fifth most dominant cut set, responsible for 1.1% of the fire mean core
damage frequency, is the dominant cut set in the FIRE-Y2 sequence. This
cut set represents a transient combustible fire in the Unit 2 division ]
esgential switchgear room combustible fire. The fire is not suppressed in
time and results in failure of train A injection system and RHR. Fallure
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of the train B RHR heat exchanger by blockage occurs and results in a long-
term loss of containment heat removal sequence. Injection into the core by
HPCS is successful. The containment pressurizes, venting is not possible
because of the loss of train A cabling, and the containment fails on
overpressure by leakage, Depending upon its location, this containment
failure (e.g., in the reactor building not to the refueling floor) will
produce an environment which could cause HPCS to fail resulting in core
damage .

4.3.3 Risk Reduction Measures for Fire Initiators

For the internal fire analysis, the fire initisting event frequencies were
not labeled with IE- and so they appear on the same table with the basic
events. The calculation is correct so no change was made. For the
integrated calculation described in section 4.1 of this report, the event
names were modified to include the IE- and the fire initiating event
frequencies appear with the other initiaters. Risk reductions for each
individual sequence and the integrated fire results are presented in the
TEMAC outputs shown in Appendix F of Volume 9 of this report. In this
section, we will discuss only the integrated fire results.

One important jtem to note is that since some complement events appear in
the LaSalle fault trees and, therefore, in the accident sequence cut sets;

some events can have negative risk reductions. That is, decreasing a
certain events failure probability can actually result in an increase in
risk not a decrease. These events ap, .ar at the bottom of the risk

reduction list, so you must not look just at the top events in the list,
The impoitance of this is much more obvious .f one looks at individual
sequences then tur the integrated results, In the fire sequences, unlike
the internal event sequences, both the event and its complement can appear
in the same sequence but in different cut sets. For the fire analysis,one
event has « negative risk reduction measure. This event, OPFAIL-VENT-2i,
represents successful venting of the containment. Venting using the
current procedures creates severe environments in the reactor building that
can fail injection systems and thus the sequence proceeds to core damage.
If verting fails and then the containment fails by overpressure, the
failure is often te the refueling floor which bypasses the reactor building
and no severe environments are created, For the dominant long-term
containment heat removal fallure sequences which appear in this analysis,
HPCS is the system supplying injection. Since HPCS is a high pressure
system and does not fail from high containment pressures, the conditional
probability of core darage is actually higher if venting occurs than if
containment failure ocecurs. This is because venting always results in
severe environments while containment f{ailure only vesults in severe
environments if the failure is in the reactor building.

The three most important events for risk reduction for fire initiated
sequences all occur in the dominant fire sequence and are related to
control room fires: the probability that the operators will unsuccessfully
control the plant from the remote shutdown panel, the contiol room fire
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Table 4.6-1
Jominant Fire Areas and Assoclated Random Failures

Bando~ Faillures

None, Control Room
HPCS

Venting

RHR - A

RHR-B

Venting and RHR-B
DG+«A and RHK-A
RHR - A

RR2-A

RHR -4

RHR -}

RHR =14

RHE-B

DG-A and RHR-A
RHR-B

* See Volume 9 of this report for a detailed description of the

fire areas and their significance,

Systen

Venting
RHR-A
RHR B
DG-A
HECS

Table 4.6-2
Inportant Fire Areas Given Unavailability of System

L-45

, S<AA, W1, WZ, AA
. S<AA, Y1, Y2, Z, AC
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