


AVAILABILITY NOTICE

Availabitty of Aelwence Matenais Citedd in NRC Publcghorns

Most gocurments cifad in NRD publicationt wil bie avallable from one of the following Rources:
4 The NRC Budlic Decument Roorn, 2100 L Srreet, NW . Lower Level, Washingtor, DT 20558

2. Tre Suparintendert of Documents, U § Government Frinting Office, F.C Box 37082, Washington,
DG 200137082

3 The Natisnal Teohains iniermarion Seevice . Soringfield, VA 22161

Although the Bsting that toliows reprasens the mairity of goouments olted in NAC publications. it fe nat
ntenasd 1o be exhaustive

Ruferencod docwments avalisbie tor inspection ang copying for a fee trorm the NAC Pubic Dinguer «nt Room
neiute NAC correspondetce and trernal NRE memoranda. NAC bulietine, Circulars, infel matian notioes,
Inspection and investigation Aotises: BCansrs evint FEparts. vendor raports and uorrespondence, Comems.
sion papers: and applcant and kcenees dopuments and RO REHLNTRNCH

The folfowlng dosurments in the NUREG sefies & o availabie for purchase hom the GPO Sales Program.
forrmal NRC stal! and conuactor reporis. NRC-sponsnred sonferencs Droodedings, intbrnationsl agresment
reports. yrant publications. wnd NAC bockipts gng Lrochures  Also avaliable are regulatory guides, NAC
Teguistions i the Coge of Fedpry’ Reguinsons. and Nucloar Aeguialiny Cammissan iasuances

Liocumarts avaliable froms the Natonal Tectimpal Infostmation Service hchide NUREG-serios reparts and
technical repacts prepdr s by other Fegeral agencies and raporis prepared Uy the Atomiy Energy Compsig-
sian. forgrunner agency 1o the Nugisar Reguatery Tonimission.

Doouments avaliable from Aublc A% spocial 1esturcal Jbrars inchite afi ofedn lterature terms . suoh 36
teaks. journal articies. and transactions. Federal Sogater notioes Fedecal ang State legisiation, and con-
preusional rapacts can usually e obtaiied 1rom ese fbraties

Dotuments such ai 1hesss  diesm 2. s, Hreign raports and rndlalions  and noreNAC confers . w pry-
eoRdngs are ByAlalee 1or Pl shdse Moo the DEgarstion SRENFOTNg the publcation Cited

Singin copras ¢f NRD deafi rapess are svailadie free. 10 the pxtent of supely. ophen writtén regueldt 10 the
Dftice of Adminitration THaicdng 9a ang Mal® Servicge Cedtion, U8, Noclear Reguatory Commissian,
Washingtan, DO 305488

Copee of dustiy cotes and slangasds veey! in 8 sobslantive manner in the NAC reguiatory process are
maintained at the NHC Libs iry . 7670 Mertad Avetiue. Batnaeda Maryland, for wan by the publis . Ttoes and
statacae are usualy copyngbted and may be purchaved from the origh ating arganiation ar, i they are
Afnerican Natipni Standatdy. frore the Amencar National Standards instiute, 1430 droadway, New York.
Ny 10013

DISCLAIMER NOTIOE

Tris repod Wit DrEDiErad as 80 acoount of work Sponsored Ly an agency of the United States Govenm
Nalier he Uniies States Sovernmant ntr any agency thered!, or any of thef emioyads, Makes any wharanty,
expresned o implied. O assumss any lega! Nability of responsitlity for any hrd Dany’s use, &7 the resu™sof
such L@, of By iIndnrmation. Soparalies. Drdust or racess decisad i Ihis repor. of piesants Inat its use
By fugh it panty would Hot inringe privately O W rignt

~ - - = -

B oy gyt e

——




NUREG/CR-4832
SAND92-0537
Vol 3, Part 1

RX

Analysis of the LaSalle Unit 2
Nuclear Power Plant:

Risk Methods Integration and
Evaluation Program (RMIEP)
Internal Fvents Accident Sequence Quantification

Main Report

Manuscript Completed: June 1992
Date Published: August 1992

Prepared by
A C, Pavne, Jr. 5. L. Damel, 1. W, W, tghead,
I, T Sype, S B Dingman, C. J- Shafler

Sand ational Laboratones
Albuguerque, NM K7155

Prepared for

Division of Safety Issue Resolution
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatery Commission
Washington, DO 795

NRC FIN Al386



R R N R R ="

T T el RS

ABSTRACT

This volume presents the methodology and results of the internal event
accldent sequence analysis of the LaSalle Unit I1 nuclear power plant
performad as part of the Leve. 111 Probabilistic Risk Assessment being
pertormed by Sandia National Laboratories for the Nuclear Legulatory
Commlssion.

This report describes the new techniques developed to solve the very
large and logically complicated farlt trees developed in the modeling of
the LaSalle systems, for evaluating the large number of cut sets in the
sccident sequences, for the application of recovery actions te the~e cut
sets, and for the evaluation of the effects of containment failure on the
systems and the resolution of core vulnerable accident sequences.

The LOCA, transient, transient-induced LOCAs, and anticipated accidents
without scram accidents resulting from internal Initiators are evaluated
and the (inal dominant accident seguences are determined. Integrated
results are obtained by merging all of the accident sequences’' cut sets
together and evaluating the resulting expression. Integrated risk
reductlion, risk increase, and uncertainty lmportance messures are
obtalned. Also, an overall ranking of the dominant cut sets i{s obtained.

The total internal core damage frequency has a wean valve of 4. 41E-05/R-
yr. with a 5th percentile of 7 05E-6/R-yr., a wedian value of 1 .64E-05/R-
yr., and a 95th percentile of 1, 39E-04/R-yr. The dominant cut sets all
invelve loss of the emergency core ¢ oling systems (ECCS) as a result of
common mode failure of the diesel generator cooling water pumps which
results in delayed failure of the ECCS injection systems and control rod
drive and either a complete loss of offsite power resulting in a short or
long-term station blackout asecident (depending on the status of che
reactor core isvlation cooling system, RCIC) or & loss of train A AC or
DC power resulting in & loss of feedwater control and closure of one set
of the main steam isolation - lves,

The events most {nport . to risk reduction are: the frequency of loss of
offsite power, the no recovery of offsite power within one hour, the
diesel cool: water pump common mode faiilure, and the nch-recoverable

fsolation of RCIC during station blackouts. The events most important to
risk increase are: the failure of —arious AC power circuit breakers
resulting in part al loss of onsite AC power, the fallure to scram, and
the dlesel genera »r cooling water pump random failure r:te (determines
the wagnitude of 'y common mode contribution). The dominunt
contributors to uncertainty are: the uncertainty in contrel circuit
fallure rates, tne uncertainty in r.lay coil fallure to energize, the
uncertainty in energized relay colls tailing deenergized, the uncertainty
in the loss of offsite power frequency, and the uncertainty in diesel
generator failure to start,
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FOREWORD

Lasalle Unit 2 Level 111 Probabilistic Kisk Assessment

In recent vears, applications of PFrobabilistic Risk Assessment (FRA) to
nuclear power plants have experienced increasing acceptance and use,
particulsrly In addressing regulatory ilssues. Although progress on the
FRA freont has been lmpressive, the usage of PRA methods and insights to
address increasingly broader regulatory {ssues has resulted in the need
for continued improvement in and expansion of PRA methods to support the
needs of the Nuclesr Regulatory Commission (NRC),

Before any new PRA methods can be considered suitable for routine use in
the regulatory arena, they need to be Integrated into the overall
framework of & PRA, appropriate interfaces defined, and the utility of
the methods evaluated. The LaSalle Unit 2 Level 111 PRA, described in
thic Luw assoclated reporte, integrates new methods and new applications
ef previeus methods into a PRA framework that provides for this
Integration and evalustion, 1t helps lay the bases for both the routine
uge of the methods and the preparation of procedures that will provide
guldance for future PRAs used in addressing regulatory issues. These new
methods, once Integrated into the framework of a PRA snd evaluated, lead
to & more complete PRA analysis, a better understending of the
uncertainties in PRA vesults, and brosder insights {nto the importance of
plant design and operational characteristics to public risk.

In ordeyr to matisfy the needs described above, the LaSalle Unit 2, Level
111 PRA addresses the following broad abjectives:

1. To develop and apply methods to integrate internal, external, and
dependent failure risk methods to achleve greater efficiency,
congistency, and completeness in the ¢onduct of risk assessments;

™~

To evaluate PRA technology developments and formulate improved
PRA procedures;

3. To identify, evaluate, and effectively display the uncertainties
in PRA risk predictions that stem from limitations in plant
wodeling, PRA methods, data, or physical precesses that occur
during the evolutien of a severe accident;

4. To conduct a PRA on a BW. 5, Mark 11 nuclear power plant,
ascertain the plant’s deminant aceident sequences, evaluate the
core and containment response to accidents, caleulate the
consequences of the sccidents, and assess overall risk; and
finally

5. Te formulate the results in such a manner && to allow the PRA to

be easily updated and to allow testing of future improvements in
methodolegy, data, and the treatment of phenomena.
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The LaSalle Unit ? PRA was performed for the NRC by Sandla National
| Laboratories (SNL) with substantial help from Commonwealth Edisen (CECo)
and 1ts contractors. Because of the size and scope of the PRA, various
telated programs were set up to conduct different aspects of the
. analysis, Additionally, existing programs had tasks added to perform
5 some avalyses for the LaSalle FPRA The responsibility for overall
i direction of the I'RA was assigned to the Risk Methods Integration and
Evaluation Program (RMIEP)  RMIEP was specifically responsible for all
aspects of the level 1 analysis (1l.e., the core damapge analysis). The
Fhenomenolopgy and Risk Uncertainty Evaluation Program (PRUEP) was
responsible for the level 11/111 analysis (1. e, waccident progression,
i source term, consequence analyses, and risk integration). Other programs

provided support in various areas or performed some of the subaralyses.

| These programs include the Selamic Safety Margins Research Program
| (SEMRI) at Lawrence Livermore National Laboratory (LINL), which performed
I the seismic analysis; the Integrated Dependent Failure Analysis Program, :
I

|

which developed methods and analyzed data for dependent fallure wodeling;

the MELCOR Program, which wodifled the MELCOR code in response to the

PRA's modeling needs the Five Research Program, which performed the fire

analysis; the PRA Methods Development Program, which developed some of
I the new methods used In the FPRA; and the Data Programs, which provided
! new and updated data for BUR plants simiiar to laSalle. CECo provided
| plant design and operational information and teviewed many of the
' dnalysils 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 methnds for integrated analysis of external events, i(nsights on
possible subtle interactions that come from the very detailed system
models wused in the LaSalle PRA, core vulnerable sequence resolution
methods, methods for lLandling and propagating statistical uncertainties
in an integrated way through the entire analysis, and BWR thermal-
hydraulic mocels which were adapted for the Peach Bottem and Grand Gulf

i e
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The Level 1 results of the LaSalle Unit 7 PRA are presented in: i
“Analysis of the LaSalle Unit 2 Nuclear Peower Plant: Risk Methods

Integration and Evaluation Program (RMIEF)," NUREC/CR-4832, SANDO2-0537,
ten volumes, The reports are organived as follows:

NUREG/CR-4832 « Volume 1! Summary Report.

e

NUREG/CR-4832 - Veluwe 7@ Integrated Quantification and Uncertainty i
Analysis.

NUREG/CR-4B32 - Volume 3: Internal Events Accident Sequence !
Quantitication.

NUREG/CR-4832 - Volume 4: Tuitiating Events and Accldent Sequence
Pelineation,

e

Rl

I
i
!
‘
I
i
e PPk | |




NUREC/CR-4832 « Volume 5@ Parosmeter Estimation Analysis and Human
Reliability Sercening Analysis.

NUREG/CR- 4812 - Volume 6. Systew Descriptions and Fault 1ree
Definition.

NUREG/CR-4522 « Volume 7' ¥Fxternal Event Scoping Quantificatioen.
NUREG/CR-4832 - Voluwe 8: Seisric Analysis.

NUREG/CR-4832 « Volume 9. Interual Fire Analysis.

NUREG/CR-4832 - Volume 10: Internal Flood Analysis.

The level TI/111 yesults o *he LaSalle Unit 2 PRA are presented in:
"Tutegrated Risk Assessment For the LaSalle Unit ? Nuclear Power Plant:
Fhienowenolopy and Risk Uncertainty Evaluation Prograw (FRUEP) * NUREG/CR-
9305, SANDRO-2765, 3 volumes. The reports are organired as follows:

NURECG/CR«5305 - Voluwe 1! Main Report
NUREG/CR-530% - Volume 2: Appendices A-G
MUREG/CR-5305 « Velume 3: MELOCOF Code Caleulations

Important associated reports have been lssuéd by thy RMIEP Methods
Development Program in; NUREG/CR-4834, Recovery Actions in PRA for the
Bisk Methods lntegration and Evaluation Program (RMIEP): NUREG/CR-4825,
Comparison and Application of Quantitative Human Reliability Analysis
Methods for the Risk Methods lntegration and Evaluation Program (RMIEP);
NUREG/CR-4B36, Approaches to Uncertainty Analysiz in Prebabilistic Risk
Assessment | NURECG/CR-GE3R, Microcomputer Applications and Modifications
te the Madular Fault Trees; and NUREG/CR-4840, Procedures for the
External Event Core Damage Frequency Analyasis for NUREG-1150.

Some of the computer codes, expert judgement elicitations, and other
supporting information used in this aralysis are documented in assoclated
reports, including: NUREG/CR-4586, User's Cuide for a Personal-Computer-
Based Nuclear Power Plant Fire Data Base; NUREG/CR-4598B, A User's Guide
for the Top Event Matrix Aualysis Code (TEMAC); NUREG/CR-5032, Modeling
Time to Recovery and laitlating Dvent Frequency for Loss of Off-Site
Power Incidents at Nuclear Power Plants; NUREG/CR-5088, Five Risk Scoping
Study: Investigation of Nuclear Power Plant Fire Risk, Including
Previously Unaddressed lrsues; NUREG/CR-5174, A Reference Manual for the
Event Propression Analysis Code (EVNTRE); NUREG/CR-%253, PARTITION: A
Program for Defining the Source Term/Consequence Analysis Interface in
the NURECG-1150 Probabilistic Risk Assessments, User's Guide] NUREG/CR-
5267, FRAMIS: Probabilistic Risk Assessment lHodel Integration Sy tem,
User's Guide; NUREC/CR-5331, MELCOR Analysis for Accident Progression
lssues; NUREG/CR-5346, Assessment of the XSOR Codes; and NUREG/CR-5380, A
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User’'s Manual for the ?nntprunosumqﬁ Progiam PSTEVNT. 1n addition the

readst is directed to the NUREG.
RUREG/CR- 4550 and 4591,

150 tecknical support rveports in

Arthur €. Payne, Jr,

Principal Investigator

Fhenomenology and Risk Uncertatuty Evaluation Program and
Kisk Methods Integration and Evaluation Program

Diviglon 6412, Reactor Systems Safety Analysis

Sandia Rational Laboratories

Albuquerque, New Mexico BR71HS
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1.0 INTROBUCTION

1.1 Level Of Modellng Detail

As part of the analysis of the core damage frequency from internal
initiaters, the accident sequences defined for the PRA must be evaluated
and thelr frequencies oalculated This process can range from very easy to
extremely difficult depending on the level of detall of the analysis and
the analysis tools avallable. For the LaSalle Probabilistic Risk
Assessment (FRA), the inclusion of external initiators on an equal footing
with interna! initlators reguired the expansion of the model to include
passive fallures, diversion paths frem spurlous operation, additional
components not usually modeled, and & greater level of detail in the fault
tree modeling te accurately represent the effects of some of the external
events .

This additional level of detall required the use of the wmost powerful tools
avallable and their extersion by the development of new techniques to (1)
effectively include the additional level of detail in the system fault
trees, (2) include some information in the fault trees via transformation
cquations, and (1) ald in the process of evaluating the accident sequences
in an efficient and cosc effective manner,

The description of the system modeling effort and of the development of the
system fault trees is presented In Volume & of this report. The
degseription of the techniques used to include location based information
for the external event analyses in the fault tree model and the location
data bases and transformation equations are presented in Volumes 8, 9, and
L0 of this report on the seismic, fire, and flood analyses respectively,
This volume presents the method used to evaluate the very large fault trees
developed tor the LaSalle PRA and the new solution techniques used in
analyzing the accident sequences to obtain the core damage frequency from
internal initiators.







2.0 OVERVIEW OF METHODOLOCY
2.1 Description of Steps Used to Determine Core Damage Fregquency
The general process used to analyze the accident sequences and obrain the

core damage frequency for the internal initiating events can be broken down
inte a series of steps:

i

=4

Define the initiators to be analyzed. This analysis is described
in Volume 4 of this report.

Determine the accldent sequences that can result frea these
lnftiators and the systems necessary to mitigate the accidents,
This analysis 1s described in Volume 4 of this report.

Develop fault tree models for the systems appearing in the event
trees defining the accldent sequences (front-line systems) and
their support systems. This analysis is described in Volume 6 of
this report.

Develop a data base consisting of point estimate values to use in
the screening analysis and continue tc refine to get wvalues for
the final analysis with uncertainty distributions. 1nis analysis
is described in Volume 5 of this report,

Solve the fault trees of the front-line systems in terms of their
basie fallures and include their support systems and the
interactions between front-line systems, between support systems,
and between front-line and support systems. This analysis {is
described in this volume,

Combine these system lault trees into accident sequences using
peint estimate data to calculate screening estimates of the
accident sequences. This analysis is described in this volume.

Analyze the sequenca cut sets (i.e., combinations of basic
failures that can result in the accident sequence) to determine if
they make physical sense and evaluate the potential for operator
recovery actions mitigating the accident. Define and classify the
recovery actions. Add the failures {i.e., non-recovery actions)
to the cut sets, develop a method for quantifying the probability
of operator failure, and quantify the actions and add to the data
base. The definition, classification, adding to the cut sets, and
gquantifying the non-recovery actions are reported in this volume.
The development of the method of evaluating human actions is
presented in Reference 1.

Develop a method for resolving accident sequences which have
uncertain end-states as a result of the inability to quantify the
interaction between sequence phenomenology and system performance.
Apply this methodology *to resolve the core vulnerable accident
sequences. This analysis is described in this volume,

2+1

b g



Using the uncertainty distributions developed for the data,
quantify each individual accident sequence and the combined
accident sequences (i.e., the integrated results) to obtain the
individual sequence and integrated core damage frequencies for
internal initiatsars. The i{mplementation of the data base to
quantify the basic events appearing in the fault trees with all of
the final uncertainty distributions {s presented In Volume 2 of
this report in the appendix describing the Latin Hypercube sample
input files. The evaluation of the sequence and Integrated
uncertainty distributions and the f{mportance calculations are
reported in this volume,

7.2 References

1.

D. W. Whitehead, "Recoverv Actions in PRA for the Risk Methods
integration and Evaluation Program (RMIEP) Volume 2: Application
of the Data Based Method." NUREG/CR-4B34/2 of 2, SANDR7-0179,
Sandia National Laboratories, Albuquerque, NM, December 1987.
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3.0 FAULT TREE SOLUTION METHODS

3.1 Developwent of Individual System Solutions

modular fault tree methodology was used to construct the LaSalle system
fault trees for LaSalle, The generic mwodules in Appendix 1 of NUREG/CR-
3268 were revised and additional modules were developed for modeling
control and actustion clreuits based on relay as opposed to solid state
logle. An IBM-PC program, MODEDIT, was developed to retrieve these files
for modification into plant-specific wodules. The program d4lso checks each
wodule for any errors that mway have been pgenerated during modification.
Another TBM-PC program, INDEX, was developed to identify developed events
which do not have a corresponding top gate in gnother fault tree module. A
full description of these programs and the revised generic modules is
discussed in "Micvocomputer Application of and Modificatien to the Modular
Fault Trees. ™

As the fault tree modules for each individual systew were completed, they
were transferred to the mainframe computer. Using the SETS code? procedur:
Form Wew Fault Tree, FRMNEWFT; the modules were merged into a system fault
tree. The Generate Fault Tree Equation, GENFTEQN, precedure was then used
to compute the minimal cut sets of the system. These cut seéts were
examived by the analyst for valldity and any indications of modeling
evrors. 1f modeling changes were needed, appropivlate changes were made and
new cut sets were generated. This process was repeated until the analyst
was satlsfied with the model of the seystem. BSome systems, such as the
electrical actuation system, were developed in parts to help clarify the
functlon being modeled by the anslyst, These parts were then merged and
checked for errvors. Twenty-seven individual fault tree segments wete
developed during this phase of the analysis. Table 3.1 lists these fault
trees

3.2 Merging Fault Trees

The fault tree segments for support and front.line systems were combined to
form a completely merged fault tree for each system that appeared on the
event trees ({.e., the front-line systems), The SETS code was used te
pertorm rthe metging task Two major problems we e of concern in merging
the RMIEP fault trees: (1) circular logile and {2) size.

Circular logic often occurg in fault tree models since Interdependencies
exlst among systems. In the LaSalle fault trees, these interdependencies
existed between the power distributien system (PDIST) and its support
systems {(e.g. ., the heating, ventilatlon, and air-conditioning system, HVAC,

* T, L. Zimmerman, N. L. Graves, A. €. Pavne Jr., and D. V. Whitehead,
"Microcomputer Applications of and Modifications to the Modular Fault
Trees," NUREG/CR-4B38, SANDESE-1887, Sandia National Laboratories,
Albuguerque, NM, to be published.
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Table 3.1
Faalt Tree Segments Developed fov the LaSalle Analysis

1. PDIST Power Distribution - Includes AC and DC power buses a.d
clreult breakers and the diesel generators.

2. EPAV] Electrical Actuation - Part 1 - Includes the actuation
cirevitry for the AC and DC power circult breakers and
dlese] gonerators.

i, EpPav2 Electrical Actuation - Part 2

4. EFav) Electrical Actuation - Part 3

5. HVAC Heating, Ventllation, and Air-Conditioning Systems -
Includes diesel-generator facilities ventilation system

i and ECCS equipment areas cooling system.
; 6. CSCS Core Standby Cooling Svstem - Includes dlesel geneorator
E and FOCS room and pump cooling.
]
; 7. LRCS Low Pressure Core Spray System
'; B. LPCI Low Pressure Coolant Injection System - Mode of RHR.
, 9., C88 Containment Spray System - Mode of RHR,
10, SCS Shutdown Coolirg System - Mode of RHR.
]

11, 8iC Suppression Pool Cooling - Mode of RHR.

12. ADS Automatic Depressurization System

13, RCIC Reactor Core Isolation Cooling System

la. HPCS High Pressure Core Spray System

15, PCS Power Conversion System - Includes main steam system
and condenser .,

16. MFW Main Feedwater System

17. CDS Condensate System

18, SWS Service Water Systen

: 19, TBOCW Turbine Building Closed Cooling Wat  System
[‘
!
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and the core standby cvoollug mystem, USCY, which provide roow coeling and
punp and seal coaling to the AC power generating eculpment and its suppor:
equipnent) and within the PDRIST system ftself (e.p., AC/DC powver
dependenc ies) Flgure 3.1 shows the logleal connections that resulted in
feedback effects in the LaSalle analysis aund the solutien used to resolve
these dependencics. The solution was lmplemented in the following fashion,

Flost, the PDIST, CSC§, and HVAC systems were duplicated with all of the
pate names changed to create different but logically equivalent systems
(i.e., the primiry event names rewain the same). This was accomplished with
the FRMNEVWFT procedure of SETS using the NAME option. Gate names were
chianged by appending a "1" to the end of cach gate name, To {nsure no gate
name  exceeded sixteen characters in length (SETS will not accept names
longer than 16 characters), the first oeccurrence of & hyphen was removed
from each gate name, 1In the loop-cutting wersion of PDIST, PDIST/1C; gates
csonveciirg Lo the front-line systems vere téwoved using the TRIM option with
the FRMNEWFT procedure of SETS so that PRIST-LC only fed into the PDIST
fault tree and its support eystems, The logiec loops all i{nvelved datesel
penerptory and batteries depending upon themselves througl, thelr support
systems,  The connestions back Inte the support systems were removed from
the Toop “ut versions of the fault trees (i.e,, vhen the loop cut version of
the 0808 systew, CSCS-LC, was werged with the loop cut versfon of the PDIST
tree, PDIST-LC, the connection back to the CHCS-LC tree via the diesel
peneralor was removed), Appropriate gates In the electrical actuation
fault tree EPAVALL were renamwed to reflect the appended 1" In the loop cut
versions of ‘he other systems so the actuation logie would feed into the
PDIST-LC fault tree (no logle loops went through the actuation clreuits so &
duplicate actuation tres was not required). The three loop-cut systems
PLLIST-1C, CSC8 LC, and HVAC LC were merged with PDIST and EFAVALL to form a
werged-power fault tree MERGED-PWR with all logic lvops removed, This fault
treo was later merged with the front.-line system fault tree segments and the
priginal support system fault trees to creste the completed systems.

Although fault tree size is always a problem of concern, it's seldom of the
magnitude encountered in the LaSalle aralysis, For this reason, selected
fault trees were merged in small groups and these groups were later merged
tate the one final, lurge, sulti-topped fault tree. This helped In a number
of woys® (1) duplicated logic was eliminaved garly 'n the merging process,
() wrrors were more easily regolved, and (1) SETS runs were of & manageable
size In terms of time and cutput.  Front-line system fault trees were
eventually all merzed intoe one large group and the fault trees for the
supporting pewer systems into another group. The two proups still contained
over 10,000 gates which is more than the largest versfon of the SETS code
could handle without code rewriting, To solve this problem, Form Two of the
FRMNEWFT procedure of SETD was used to coalésce and tenove aingle input
gites from the fault tree grouwp convaining the front-ilue systems. This
reduced the number of pates evough so that it could then be merged wivh the
cupporting power system fault tree group vo form one veiy large walti-topped
fault tree containing all the front-line systems compiete with thelr
supperting systems  The SETS cutput was carefully revieweX at this point te
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insure (1) the coalescing and single input gate reroval did not sever any
connections between front:line and support systems (this ould ecour if the
commect ing gaves were single lnput gates and were deleted from the tree),
(2) no developed events remaloed in the {inal wmerged tree and (3) each
syatum appearing on an event tree that wae represented by a4 fault tree was
repiesentod by & top gate ont the merged fault tree.

13 Develepment of lntependent Subtiees

The LabSalle system fault trees ave large and complex representing the
intevactions of many support systems and primary events. Even with the use
of the SETS computer code on a large malnframe, it is not possible or
economical to ldentify all the minimal cut sets of a system fault tree, One
Technigue that teduces the faull tree size problem {s the identification aid
g oavvien of the largest independent subtress. Form Three of the FRMNEWFT
procedi e performe this function by restructuring and then separating a
designated ycult tree fnte fts stem and a cvellection of Independent
subtrees . Independent subtcwes can be quantified and evaluated individuelly
snd veplaced by developed events in the system fault trees (i.e., these
portions of the fault trees are treated as siugle super events). This
process was very beneflcial when applied to the LaSalle fault trees, The
LaSalle trees contain 3451 primary events., This SETS procedure identified
B0 existing independent subtrees and created an additional 283 subtrees.
Those 183 Independent subttees {solated 2928 of the primary events. The use
of these subtrees as "super events® resulted In & smaller tree and mare
efficient solving of the orfiginil trees. These events wust be resubstituted
at the end of the analysis te obtain results in terms of the primary events
on the original tree A thorough and in-depth discussion of the development
of independent subtyees s found in NUREG/CR-4547 9

b4 golving for System Fault Tree Mioimal (ut Sets

Fven with the use ol independent subtrees, the front-line systom fault trees
tor LaSalle wece sovy large. Obtaining an eéxact listing of minimal cut sets
for such large tiees is difficalt, expensive, and often iwmpossible, For
these reasons, il was necessary to probabiliatically eliminate cut sets
below a selected truncation value. A truncation value ol 1E-08 was selected
since previoas experience has shown that the dominant PRA-estimated core
damage sequence frequenclies before the application of recovery are in the
LE-O4/Rovr . to 1E-O5/0-yr. range and that a signiticant number of cut sets
will be rvetalned using this truncation value to glve good estimates of the
dominant sequence frequencies Every primary event in the fault tree must
have a4 probablility value associated with it in evder to eliminatr Jut sets
based on probability, Since Independent sub’ - ees ave treated as “super
events . " they too must have a value associated with them. The Generate
Fault Tree procedurs, GENFTEQN, of SETS was used on the collection of
independent subtrees to generate a Boolean eguation containing the minimal
cut gets for each independent subtree. The Compute Term Value procedure,
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COMTRMVAL, was used to obtaln the suaz of the probubilities of the winimal
vut secs for each indepeondent subtree. This approximation assoclated with
each "super event' or independent subtree was then added to the list of
point value probabilities for each of the primary events fer use in
computing the minimal cut sets for each of the front-line system equations.

The screening or point estimate velues associated with sach primary « :
for computation in this phase of the anslysis should be the largest v .
ever to be associsted with the event. Events havicg smaller valuer . ¢
cortaln sequences can be reduced later. However, If {t becomes necessary t.
increase the probability value for any primary event after the system cut
pety have been obtaired, the system c¢ut sets should be resolved., Some cut
sets may have been eliminated by the use of the swaller probabllity value,
Having to repeat the process to obtain system cut sets can beé very costly
and is better avolded by careful review and use ¢f the highest value,

Even with the use of independent subtrees and truncation, obtaining the cut :
sets for the LaSalle frout-line svstems was very difficult. The SETS code
gives the computer analyst tremendous flexibility in solving fault trees.
This flexibility, that allows an analyst to solve very large complex
structures, Tequires the computer analyst to exercise & considerable amount
of responsibility In generating and executing the details of a SEIS user
program, The computer analyst should have a detalled knowledge of the fault
tree structure and work very closely with the systems analyst during the
front-line system solutlon effort, Failure to recognize this responsibility
can vesult in excessive computer costs and minimal results.

R R R R SRR R TR,

The gize and cemplexity of the LaSalle system fault trees necessitated

careful review of the front-line systems prior to attempting to solve for

the systam minimal cut sets.  Computer output from the Print Block
| procedure, PRTBLE, sas reviewed for ~ach front-line system. This computer
l output gives the analyst insight inve ‘he coalescing and restructuring that
- oceurs Curdng the merging of the | Jivie.l system fault trees. Simple
| sketches showing the logic structure can be generated and can be used to
| determine modifications tu the SETS user code to optimize the solution as
_ described below. After reviewing the restructured front-line system fault
: trees, thie Generate Fault Tree Equation procedure was used to generate the
: SETS user code to solve a gilven front-line system using the bottom-up
| method,  The PUNCH option was included to prevent the SETS code from
! attempting to execute the generatmd code.

line syster favltr trees. The bottom-up method generates Boolean equations
for selected intérwediate events starting from the bottom of the fault tree.
bach equation Is veduced as it is generated, Progression is made through
’ successively higher levels of the foult tree until the top gate is reached,

g A "guasi" bottom-up method was used to solve the stem portion of the front

! atter reductiorn, the top-pate equation is a function of only primary events
| or primary sveots and independent subtrees (i.e. "super events") 1{f only the
stem portion of a fr 1t tree s being selved, A detailed explanation of the
bottom-up pethod of the Generate Fault Tree procedure of SETS {8 piven in I

l



Referevow 2. A disoussion of {ts use In accldent seguence analysls 18 found
in Reterence 3. The approach taken to ubtaln selutions of the LaSalle fault
trevs was a4 "gquasi" bottom-up methoed because ‘he SETE contrel progran
produced with the Cenerate Fault Tree procedurs wis wodified conslderably
prior to execution of the user c¢ode. These nodificetlony Included: (1)
Inclurion of additional stepping polris (f.e. selected Intermediste events
which ave salved to obtaln thedr Boolean equations), (2) veview and changes
to Lthe uker cude for solution of “ANDY gates, (1) use of egquatlon: to equate
equivalent gaten, and (4) vesoval, lusertlon, and changes to Deiete Blook
(BLTBIE)Y and Forw Block {(PRMBLK) stavements.

By veview of the SET® wer codé Lrom Uenerate Fault Tree Uguation and the
PETBLY ovutput, the computer analyst can prepate & list of Intermedlate
evants to Le used a8 stap points Stop points determine a stage in the
divelopient of af expresslon and act ay a sort of “temporary super event "
Slove intermediate events are oot tormally assipned values, stop polnta are
excludes from computation by use of the Except Noncemplement , EXCEPTNONCMP,
uption In the Tiuncate on Term Value statement cortesponding to the
Substitute Equation bhavipg the STOP option

The stop points are either "AND" gates or intermediate events used wultiple
tiwes 1o the tault tree. The use of stop points allows the analyst to solve
the cub set eguation for an interim gate In plecemval fashion, Allowing
only one or two of the pguations for the Inputs of & pgate to enter the
equation for the pgate at one time will greatly reduce the mumher ef terms
that will bhe geserated by expangion Afrer sluplification, additional
inputn can he released.

The use of stop points 1s particularly effective for multiple input “ANDY
gates, In this case, the orvder in which stop points ave released can be
fmportant. 1§ an “AND" gate, Q. bes loputs A, B, € and D, and A and B are

known to have events in comnon, the analyst should release inputs A and B

while stopping on € and D, This will result in & smiller nunber of terms to
he vombived when the stop points © and D are sequenrially relessed, Another
frem the computer analyst must wonlitor {8 that selected intermediate stop
points have not already been solved In a previpus computet run., This
results In the stop poiut having ve efteet

When individual systews are morpged to form front.line sywtew fault trees,

the SETS code output containg a lier of any eccurrences of egquivalent gates
found in the merged fault tree, Equivalent gates ave gates of the same type
(1,e. both “ANDY or “OR" gates) and having the same luputs. Often this
intormation can be useful In simplifying the selution of an intermediate
gate.  1f an "ANDY gate, 1, has foputs E, F, ¢ and H, and E and F are
equivalent gates, then egquations can be used to reduce the number of Inputs
to gate 1 from four to three  For example, 1f E aud F are "AND" gates both
having fnpute ¥ and L then the follewing equations can be used to set the
equivalent gates equal:
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PROGRAMS 1ASALLF =1,

E = TEMP.

F = TEMP.

TEMP = K * L,
SUBINEQN (TEMP, TEMP).

The computer analysis then precedes as {f gate 1 had inputs G, H and TEMP,

The Delete Block and Form Block procedure statements were often removed from
the user code at the lower gate levels to speed up computer run time. The
name given to a block heing formed was changed from the previously used
block name te prevent a loss of information if a computer time-limit was
encountered during a Delete Block or Form Bleck procedure. Additional Form
Block statements were added to the code /t the upper gate levels, This
saved the computed information more often in case a computer restart was
needed . Since the SETS block file is a sequential file, 1t is more
economical to keep only essential information on the file so previous
interim blocks were deleted once a new one was successfully formed,
Adwittedly, for small problems the computer cost !‘nvolved in these
procedures would probably be nominal but a significant savings is realized
when dealing with extremeiy large system fault trees. Proper use of the
Form Block procedure may save the computer analyst from "losing® a 30 minute
computer run,

The computer code for solving a freont-line system was generally broken inte
parts for submission to the computer. This allowed the computer analyst to

view the output and make appropriate changes to the next section of code
to be submitted 1f needed. This helped to control the computer cost and
often prevented the submitting of a costly run that could not be
successfully completed,

An eguation was used to set the event HIGH.DWPRESSURE to OMECA (1i.e, the
event 1s assumed to always occur) while obtaining the system minimal cut
sots for all of the front-line systems excvept PCS. The event HIGH-
DWPRESSURE was set to JOMEGA (i.e., PHI, the event was assumed never to
neeur) during the computation of the minlmal cut sets for PCS. The event
HIGH-DWPRESSURE is a flag that indicates the presence or absence of high
pressure in the drywell. For all accident sequences where PCS was not
avail ble or successful, high drywell pressure (i.e., drywell pressure
greater than 1.69 paig setpoint used in the emergency system's actuation
logic) was assumed to occur,

The fifteen front-line systems and their nunber of minimal cut sets arve
shown in Table 3.2, The number of cut sets shown is prior to substitution
for independent subtrees. Suhstitution for independent subtrees was not
made until after the tormation of sequences.
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Table 3 2 Size of Merged Front-Line Systew Solutions

Abbreviation

-

*

RIT
SMLC
RCIC

HPCS

ChS
SPC
SCH
LPGI
ADS
FCS
MW
CRD
VENT

PR P S D —— e St i . Bt Al e e M vt

Front line System

A o, . e e s o e e e i .

Reclreulation Pamp Trip

Standby Liguid Contrel System

Reactor Core Isonlation Cooling System
High Pressure Core Spoay System

Low Pressuve Core Lpray System
Condensate System

Contalnment Spray System

Suppression Pool Cooling System
Shutdown Ceooling System

Low Pressure Coolant Injection System
Automatic Depressurization System
Power Converslon System

Maln Feedwater System

Control Rod Drive Systewn

Containment Venting System

Y S W p— [SPPRTRSR——_— Al g

*Number of Cut Sets

e

200
7%
317
128
157
L9
1920
8014
436l
5696
2280
509
610
186
289

Nuwther of cut sets prior to substitution for independint subtrees.
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Once system solutions are obtained for all the front-line systems appearing
on the accident sequence event trees, thae accident sequences can be
evaluated The evaluation of the LaSalle ac-«d ~t sequences is described in
chapter & of this report,

3.5 Refersuces
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3o Do W, Stack, "A SETS User’'s Manual for Accident Sequence Analysis, ® 1
NURCG/CR-3547, SAND83.2238, Sandia National Laboratories, :
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i FEETN N N NN NN TN

3:11 i







I —

-

4.0 COMPUTATIOR OF SEQUENCES

Most of the LaSalle sequences were evaluated with a tiuncation value of 1E-
08, This led to seme difflculty In generating the sequence solutions as
combining fallure states often generated millions of intermediate cut -<tg.
Obtaining & cross product of two or wore system failures {s expensive and
sometimes lmpowsible without employing techniques other than simply
"ANDING" (i.e. the Boolean operation of conjunction) the systems together.
A methodology for performing the sccident sequence analysis portion of a
PRA using SETS 1s discuss«” in detail in NUREG/CR-3547.1 aAdditional
technigues emploved to obtain the LaSalle sequences included: (1) common
term rvewoval, (2) separatien inte parts based on number of literals, (3)
separation inte parts based on probability, (4) grouping, and (5)
intermediate removal of success states.

“.1  Compon Term Bemoval

It sufflicient Infermation s konown about twe systems to indicate that they
have a nuwber of out sets in common, the combined system failure can be
taleulated without pgenerating all of their intermediate cross products,
For example, several of the LaSalle sequences required combining the system
tailure states of contaimment spray system (U85) and suppression pool
cooling (SPC) systew. As shown in Table 3.2, even in terms of {ndependent
subtrees (I8T6) ot “super ovents” these systems contained 7920 and 8014 cut
fets, vespectively. Since these two systems were known to contain a
sizable number of cut sets in common, their cross product was obtained as
follows. The Delete Terw, DLTRM, procedure was used to obtain the terms of
0S8 not in common with SPC. Using DLTRN again, this result was thepr used
to separsate out the terms of CS8§ thar were also 1n SPC. 4 third
application of DLTRM was made to obtain the terms of SPC not in common with
C88.  The tesulting three terms represented; (1) terms in CS8 but not in
SPC, (Z) terms in both C35 and SPC, and (3) terms In SPC but not in CSS.
The terms of €S8 not in common with SPC were then "ANDED" with the terms of
SPC not in common witl, €SS, This result wag then “ORED" ({.&. the Boolean
operation of disjunction) with terms compon te both CS8 and SPC to obtaln
thelr complete cross product. Sample SeT8§ code to execute this process is
shown below:

PROGRAME LSL-SEQ.
COMMENTS COMBINE SYSTEM CUTS SETS FOR CS§ AND SPC §

DLTRM (CS55, SPC, X1).

DLTRM (8PC, C8§, X2).

DLTRM (CSS, X1, Y),

CE8-S3PC - X1 = X2 # Y.
SUBINEQN (CSS-8PC, CS58-SFPC).
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Some computer costs are heavily w ‘ghted to 1/0 operations. Since DLTRM
makes heavy use of 1/0, in somwe cases it may be more efficient to remove
the second DLTRM statement from the above code and change the equation to
CSS-SKC = X1 * SPC + ¥. This would require that the Substitute in Equation
procedure, SUBINEON, be followed by either the Reduce Equation pracedure,
REDUCEON, or Truncate on Term Value procedure, TRNTRMVAL, since the result
of the SUMINEQN would not be minimal. If the product of two or more
failures is common to more than one sequence, it is important to save this
result using the Form Block, FRMBLK, procedure so that it is not necessary
to compute the product u.re than once.

4.2 Separation Into Parts Based on Number of Literals

Some LaSalle sequences were extremely difficult and e:pensive to obtain.
These sequences were developed in stages. The cut sets for two or more
system failures in a sequence would be combined and the computer output
examined before combining this segment of the sequence with other system
failures to continue computation - f the sequence, I1f the computer output
indicated a segment could not be combined with another system without
generating too many intermediate terms for the capacity of the computer
code, the sequence segment was sometimes broken into parts. This was
accomplished by rsing the option in the REDUC W procedure to truncate the
sequence segment on number of literals, j. Using the sequence segpent and
the j-truncated sequence segment as arguments for the DLTRM procedure. the
sequence segment containing greater than j literals was obtained, These
two parts, the less than or equal to j literals part of the sequence
segment and the pgreuter than j literals part were each "ANDED" with the
next system failure state to be included in the sequencs and then the
results are “"ORED" to obtain the next stage. If necessary the process can
be applied more than once, but since the computations to obtain the parts
can be fairly expensive thev should be kept to a winimum. The computer
output from each stage in the development of a sequence is used to
determine the value of j and whether or not this process is applicable.

4.3 Separstion Into Parts Bused on Truncation by Probability

Sometimes a large sequence segment would not lend itself te sepavation into
parts based on nusber of literals (i.e. too many terms containing the same
number of literals). In tiase cases, computer output was reviewed for the
possibility of separation into parts based ou truncation at some
probability level. This process is similar to separation into parts based
on number of literals except the TRNTRMVAL procedure is used to obtain a
part of the sequence sepment truncaied at a higher prchability value, k,
than the value being used for the anaiysis. To determine the k probability
value to be used as the break point requires the analyst te have some
knowledge of the magnitude of the cut sets being generated and/or computer
output from a COMTRMVAL proccdure for the sequence segment or systems
composing the sequence segment. The DLIRM procedure is applied to obtain
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the pe .lon of the sequence segment having probability less than k., As
above, the two parts of the sequence segment are combined with the next
system or systems of the sequence an! then the results are "ORED" to obtain
the next stage.

“4.4 Crouping

Two types of grouping were used in computing the LaSalle sequences. The
first type Involved combining and saving combinations of systems that were
used in more than one sequence. Cowbining many of the systems generated s
large number ¢’ intermediate cut sets which resulted in high computer
charges Because of these computer costs, combinations of systems found in
two or more sequences were often formed and the results saved using the
Form Block procedure, FRMBILK. These system combinations could then be
recalled as needed during & sequence computation.

The second type of grouping used in computing the LaSalle sequences
selected svstems to be combined based on known commonalities. When
combining several systems that create a large number of Interim cut sets,
the order in which the systems are combined can become very important,
Combining two or more systems known to have many cut sets in common prior
to combining these systems with another system which does not have cut sets
in common with the previous systems genevates fewer intermediate terms
which have to be eliminated in the Reduce Equation procedure. Obviously,
these “groupings" are very judgemental and require the analyst to have or
obtain considerable information abou. the interactions of the physical
systems being modeled.

Occasionally, the two types of “grouping" are in conflict with each other,
The first type discussed generally helps in reducing the cost of obraining
a solution while the second type of grouping may control whether or not the
solution can even be obtained, Unless costs become a major concern,
grouping to reduce the number of terms is generally the major deciding
factor in dealing with very large problems.

The Delete Term procedure, DLTRM, can be used to include the success states
of & system in an a~cident sequence without determining a complement
equation for the system. For example, suppose we have the failure
equations for two systems, p and g, in disjunctive normal form (i.e., sum
of products (cut sets) as opposed, for example, to a factored form). The
sequence we wish to vvaluate is given by the equation s = p*/q where system
p has failed and system g has succeeded. Instead of determining explicitly
the complement of g, /q, (which can have a very large number of success cut
sets and l& usually not done); we delete terms In the equation for p that
subsume terms in the equation for q from the equation for p te form a new
equation, r. This means that cut sets in the failed system that are
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physically incompatible with the fact that the other system succeeded are
removed from the failed system's equa.ion, The sequence can then be
approximated as s = r. In general, the probability of success is usually
c¢lose to 1,0 probability and the improvement in the estimation of the
sequence frequency by elimination of cut sets physically incompatible with
the sequence definition more then compensates for the error introduc.d by
not including the probability of success. If the probability of success is
small, then a more explicit representation may be needed, The number of
terms in equation r will be smaller than the number of terms in equation p
unless the systems i{nvolved are independent of each other. A more precise
discusgion nf this process (s found in NUREG/CR-4213 ¢

Because the inclusion of a svstem success in this manner has the effect of
reducing the numbe: of cut sets {n a sequence sepment, it is often
beneficial to include system successes at intermediate stages of a sequonce
computation., Ir rezults in fewer cut sets in a sequence segreut that must
st'11 be combined with other system failures, It is {mportant to romember
that when a success state for a systewm is included in a sequence segment
prier to combining the last fallure system to the sequence segment, it will
be necessary to combine the success state again. This is to insure that
terms of Lhe succesg state system have been removed from all of the failure
systems occurring in the seguence. Analysts’' judgement and familiarity
with the modeled systems must be used to determine when including success
states at Intermediate stages wlll be useful, Alsc, when using a
patticular combination in several different sequences, one must be careful
to use only success states that appear in both sequenceés or evaluate the
combination twice, once for each sequence.

h.ob  Solution of Sequences

The evaluation of the LaSalle sequences regulred the use of all of the
technliques discussed above, Souwe types of sequences, such as the transient
and transient-LOCA sequences, were extremely difficult to compute. In some
cases, 1t was not feasible to obtain all of these sequences at the
probabilicy truncation vilue of 1E-08.

4.6.1 LOCA Sequences

The event trees, discussed in Chapter 2 of Volume 4 of this report
determined the sequences to be evaluated for Loss of Coolant Accidents,
LOCAs, The LOCA evept tree {s reproduced here as Figure 4.1. Because the
severe environment and containmen. fallure expert elicitations had not heen
performed by the time the screening was 10 be done, the events SRUP and SUR
were not evalvated at this time (see Chaprer 6 for a discussion of thease
events) .

Since the LOCA tree was evaluated simultancously for all 1LOCA sizes (small,
medium, and large), any system specific effects due to the different LOCA
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(1)

AND MEL"™ THE TOP OF THE CORE [F ONLY ONE LPCI PUMP IS OPERATING.

(6) FOR VERY LONG-TERM SEQUENCES WITH A LARGE LOCA WHERE THE CORE (S AT 23 TAF MAY GET SUBCOOLING
(6) TRANSFERS TO (2), DOWNCOMER, VACUUM BREAKER, OR SRV DISCHARGE LINE FAILURE, SAME SYSTEM SUCCESS

(4) CRD SUCCESS POSSIELE FOR SMALL LOCA OR STEAM BREAK ONLY.

(1) TRANSFER FROM TRANSIENT SEQUENCE § 103,
(2) TRANSFER FROM TRANSIENT SEQUENCE # 102
(3) RCIC SUCCESS POSSIBLE FOR SMALL LOCA ONLY.

l
i

CRITERIA, SEQUENCE OCCURES IN SHORTER TIME.

(7) TRANSFER TO ATWS TREE.

LOCA Event Tree

Flgure 4.1

LaSalle
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sizes had to be included directly in the system fault trees. For example,
the reactor core isolation cooling (RCIC) system falls due to its inability
to supply enough water to make up for the coolant belng lost and due to the
reactor vessel depressurization that occurs after a medium or large LOCA.
Two events representing a medium and large LOCA are placed in the RCIC
system fault tree such that, {f a medium or large LOCA occurs, the RCIC
system fai i, For other events such as electrical bus failures only
partial system fallure may result.

Each sequence was multiplied by an initiating event equation to insure
every cut set included an appropriate LOCA initiator as indicated by the
event trees. After the systemr are solved and combined together to form
the selected accident sequence, two types of cut sets will be present: 1)
cut sets with no initiators coming from the fault trees (i,e., cut sets
compused only of random failures of equipment from the failed systems) or
2) cut sets with one or more initiators and possibly some random failures.
In order to ccmplete the sequence definition, each . it set must have an
initiating event. Those cut sets which already have an initiating event
coming from the fault tree solution are complete. Cut sets with multiple
initiators are not physically realizable since by definition only one
initiating event occurs at a time. The fault trees already contain random
events representing the occurrence of an initiator as a random fallure
given the occurrence of some other initiator. The - *hod used to eliminate
these double initiator cut sets will be discussed - er. Cut sets with no
initiators are independent of the specific initiater type and need to be
combined with each initiator to create new cut sets, one for each initlator
(i.e., given a cut set X*Y and the three initiators LLOCA, MLOCA, and
SLOCA; three cut sets can be created LLOCAYK*Y, MLOCA#*X*Y, and SLOCA*X*Y by
"ANDING" the cut set with the equation LLOCA + MLOCA + SLOCA).

For sequences one through sixty, the initiating event equation included a
small, medium, and large LOCA initiator. Sequences sixty-one through
ninety-eight each contained two parts; the first part rvceived a small and
medium initistor while the second part received culy & large LOCA
initiator. This was because, for a large LOCA, the automatic
depressurization system (ADS) is not necessary Lo depressurize the reactor
vessel in time for the low pressure injection svstems to prevent core
damage . Since rthe initiator does not fail the ADS system but merely
renders it unnecessary, the sequences were first evalusted without
including ADS success or failure. These cut sets were "ANDED" with the
large LOCA initiator to form the large LOCA cut sets. The original cut
sets were then combined with ADS success or failure, as appropriate, and
the resulting cut sets were “ANDED" with the small and medium LOCA
initiators, The two parts of each sequence were then "ORED" together to
form the complete sequence. Equations were used to set the transient
initiators te /OMEGA (i.e. OMEGA means the event always occurs, PH] =
/JOMECA means that the event never occcurs) for the LOCA sequence evaluation,
This wis necessary to remove transient initiators appearing in the cut sets
as a result of their inclusion in the faulr trees. For some events, the
probability of occurrence is different for different sequences. During
screening, a single value, the maximum value that c¢an occur ‘In any
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sequence, is used so that one value can be used and no cut set will be
truncated ummecessarily. In the final evaluation of specific sequences,
the data used to quantify the events is assigned it's appropriate value,
Equation and value block changes used for the LOCA sequence computations
are listed in Tables 4.1 and Table 4.2, respectively,

Complement events were not used in the construction of the LaSalle fault
trees. This occasionally led to the same primary event being modeled in a
different state In various systems and being given a different event name,
For example, a valve might be modeled as failed open in one system while
the same valve s modeled as falled closed in another system. Combining
the system cut sets for these two systems in a sequence could result in a
cut set that would not be logically valid since the same valve can not fail
both open and closed in the same sequence, Events modeled in more than one
failure condition were "flapged" during mwodeling. An equation containing
the products of these "flagged" events was used with the DLTRM procedure to
remove the logleally invalid or "double-flagged" cut sets from the
sequence .

Cut sets containing double initiating events were also considered
unnecessary to the analysls, These cut sets were removed in the same
mannetr as the “double-flag" cut sets.

After the “double-flags" and “doublé-initiators" were removed, substitution
was made for the IS8Ts to obtain LOCA sequence cut sets containing only
primary events. Only seguences L4, L6, LB, L12, Ll4, Ll6, L18, L20, L24,
L26, L28, and 197 had cut sets remaining after this substitution and
truncation at 1E-8,

4.6.2 Transient-Induced LOCA Sequences

The event trees, discussed in Chapter 2 of Veolume 4 of this report,
determined the sequences to be evaluated for transient-induced Loss of
Goolant Accidents. The LOCA ev t tree, Figure 4.1, was used to evaluate
the transient-induced LOCA sequences. These sequences start out on the
transient event tree shown in Flgure 4.7 with successful scram and safety
relief valve (SRV) opening. The SRVs do not reclose and, depending upon
the number of SRVs which fail open, are equivalent to & small, medium, or
large LOCA in their etfects on system operation and RPV inventory. Because
the severe environment and containment failure expert elicitations had not
been performed by the time the screening wa' to be done, the events SRUP
and SUR were not evaluated at this time (see Chapter 6 for a discussion of
thege events),

In a similar fashion as for the |10CA seguences, each seguence was
multiplied by a transient initiating event eguation to insure an initiator
was ineluded in each out set. lHowever, the event SRV ¢ on the transient
event tree which represents the transient-induced LOCA was not developed
into a full fault tree. A Boolean equation SRV € = Q, + Q; + Q, was used
to represent this event where Q; represents the probability of one of the
SRVs demanded open failing to reclose, Q; represents the probability of
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BLOCKS LOGA-PHIT -OMEGA .
MIGH-DWPRESSURE = OMECA
NOHIGH-DWPRESS = /OMEGA .

T1-1E = JOMEGA.
T2-1E = JOMEGA.
T3-1E = JOMEGA.
T4-1E = JOMEGA.
TS-1E = /OMEGA.
T6-1E = JOMEGA .
T7-1E = /OMEGA.

LOSP-1E = JOMEGA.

T9A-1E = /OMEGA .
T9B-1E = JOMEGA,

TI01-1E = /OMEGA.
T102-1E = /OMEGA.

TL1-1E = /OMEGA.
Ti2-1E = /JOMECA.
T13-1E = /OMEGA.
Tl4-1E = /OMEGA.

T15A-1E = /OMEGA.
TL5B-1E = /OMEGA.

- Table 4.1
Transformation Equations for Initistors and Flags in LOCA
Sequence Evaluation
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Table 4.2
Value Block Changes for LOCA Sequence Evaluation

CQMKENTS CHANGES FOR ALL VALUE BLOCKS $
3 § RHR3I01AX-STR §

3 § RHRIO1BX-STR §

3 § RHR301CX-STR §
3 § LCSD302X-STR §
3
1%

"

RCIDOOIX-STR §

HCSDOO1X-STR §

- COMMENTS CHANGES FOR LOCAS AND TRANS-LOCAS §

TDRFP-T-0F §

MFS-RESET-OE § l
i
i
|

.—»—»uwuu

L4E
&E
LE-
4E-
2E-
. 2B+

1
1 ADSMINIT-Q00-0E §
OPERR- INITCSS §

OPTURNSOFF-TURB §
TRN-A-SCSMODE §
TRN-B-SCSMODE §

$
$
$
$
A $ OPFAILS-REOPEN §
$
§
$
§ TRN-AORB-SCSMODE §

oSS
(== = =

e R e o
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(1) USED TO RESOLVE CORE DAMAGE RFTGVERY, LOW PRESSURE 8YETEMS FAIL ON ADS

CLOSURE AT ABOUT 86 PSIG, BOILOFF AND CORE DAMAGE OOCUR BEFORE OCHTAINMENT

FAILURE (MEAR VALUE, 196 PRIG)
(2) TRANSFER TO LOCA TREE (1 SR FTC = SMALL LOCA, # SRV FTC » MEDIUM LOCA, AND

> 3 SRV FTC = LARGE LOCA)
{9) TRANSFER TO LOCA TREE ( OVERPRESSURF CREATES LOCA, PROB. OF 18 SRV FTO NEGLIAHLE)

{4) TRANSFER TO ATWS TRE

Flgure 4.2
LaSalle Transient Event Tree
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exactly two of the SRVs demanded open failing to reclose, and Q, represents
the probability of three or wore of the SRVs demanded open failing to
reclose. These Qs are eguivolent to a small, medium, and large LOCAs
respectively. The LOCA initiators appearing in the fault tree were changed
to the appropriate Q using transformation equations to represent the
effects of rhe stuck open SRVs on the responding systems. These equations
and their associated probability values for each event are shown in Table
4.3, Other events having changes for probability values for transient-
induced LOCA sequence evaluation were the same as those shown in Table 4.2
for the LOCA sequence evaluation.

As described in Section 4.5.1, sequence cut sets containing "double-flags"
were removed. Cut sets containing two transient initiators were also
eliminated from the sequence cut sets, However, cut sets containing the
transient initiator T7 which represents a stuck open SRV as an initiating
event had to be treated differently since T7 and Q; are equivalent, Cut
sets with T7*Q, were transformed to cut sets with only T7 while cut sets
with T7%(Q; + Q4) were deleted. The sequences one through sixty and sixty-
one through ninety-eight were then evaluated in the same fashion as for the
LOCA sequences,

The transient-induced LOCA sequences were evaluated using a probabilicy
truncation valuwe of 1E-08, After the "double-flags" and "double-
initiators" were removed, substitution was made for the 18Ts to obtain the
transient-induced LOCA sequence cut sets containing only primary events.
Only sequences TL4, TL6, TL8, TL12, TL14, TLlé, TL18, TL20, TL24, TL26,
TL28, TL3G, TL32, TL34, TL36, TL38, TL59, and TL97 had cut sets remaining
after this substitution and truncation at 1E-08. Although not all
sequences had a large number of cut sets in their solution, most of the
transient-induced LOCA sequences were difficult to compute and requircd
considerable use of the techniques described in Sections 4.1 to 4.4,

4.6,3 Transient Sequences

The event trees, discussed in Chapter 2 of Velume & of this report,
determined the sequences to be eveluated for transients. The transient
event tree, Figure 4.2, was used to evaluate the transient sequences.
Because the severe environment and containment failure expert elicitations
had not been performed by the time the screening was to be done, the events
SRUP and SUR were not evaluated at this time (see Chapter 6 for a
discussion of these events).

Like the LOCA and transient-induced LOCA sequences the transient seguences
were multiplied by a trancient initiator equation. Values for the LOCA
initiators were set to zero, Probability value changes were made for the
events listed in Table 4.4. Cut sets containing "double-flags" and
"double-initiators” ware eliminated in the same manner as for the LOCA and
transient-induced LOCA sequences.

Computation of the transient sequences was extremely diffjcult. Even with
the use of all the techniques described in Sections 4.1 to 4.4, the
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Table 4.3
Transformation Equations for Transient-Induced LOCA Sequences

SLOCA-IE = Q1
MLOCA-1E = Q2
110CA-1E = Q3

Q=Ql +Q2 + Q3

PROBABILITY VALUE CHANGES FOR TRANSIENT LOCA

Ql - .1
Q2 = &,5E-3
Q3 = 1.2E-4

(ALSO ALL EVENTS LISTED IN TABLE 4.2)
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COMMENTS CHANGES FOR ALL VALUE BLOCKS §

&E-3 § PHR301AX-STR §
.GE-3 § RHR301RX-STR §
L4FE-3 § RHR301CX-STR §
JGE-3 § LOSDIO2X-STR §
.ZE-3 § RCIDOO1X-STR §
.2E-3 § HCSDOO1X-STR §

e W e

COMMENTS CHANGES FOR TRANSIENT SEQUENCES §

.01 $ TDRFP-T-0% $
.01 § MFS-RESET-0E  §
.01 § ADSMINIT-QOO-OF §
.01 § OPERR-INITCSS  §
1 § OPFAILS-REOPEN $
0.0 § OPTURNSOGC-TURB §
1.0 § TRN-A-SCSMODE  §
1.0 § TRN-B-SCSMODE  $
1.0 § TRN-AORB-SCSMODES

§ FOS§2-Q-0E-0  §
.01 § C34R601A-Q-OF  §
01 § CI4R601B-Q-0E *
.01 § 1EGOEX-QCO-OE
.01 § ZHSFW032-Q-0E-0 §

0
0
0
0
01
1

COMMENTS SET VALUES FOR Q1,Q2, AND Q3 §

0.0 § SLOCA-IE, Q1 §
0.0 § MLOCA-1E, Q2 §
0.0 § LLOCA-1IE, Q3 §

Table 4.4
Value Block Changes for Transient Sequences
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truncation value had to be relaxed in order to obtain the cut sets for the
transient sequences. Sequences twenty-five through one hundred and one
were truncated at 5E-08. Sequences one through twenty-four were truncated
at 5E-07. All core damage sequences survived the truncation process before
the inclusion of the severe environment failures and the application of
recovery.

4.6.4 Anticipated Transients Without Scram

The event trees, discussed in Chapter 2 of Volume 4 of this report,
determined the sequences to be evaluated for anticipated transients without
scram (ATWS) events., The ATWS event tree, Figure 4.3, was used to evaluate
the ATWS sequences. Because the severe environment and containment failure
expert elicitations had not been performed by the time the screening was to
be done, the events SRUP and SUR were not evaluated at this time (see
Chapter 6 for a discussion of these events).

The event 1EDC2DEP-FROF-4 which represents DC battery depletion was set to
/OMEGA (1i.e. PHI) to eliminate the effect of battery depletion for the two
systems RPT and SBLC. These systems wmust perform their functions within
the first few minutes of the aceldent and battery depletion will not ocsur
For several hours; therefore, battery failure can not be a failure
mechauism for these systems., Events for which probability changes were
made are listed in Table 4.5. Two point estimates were used in the
computation of the ATWS sequences. They included: (1) FWL which is
represented by the event OPFAILSMFW-BM and is failure of the operator to
contraol feedwater level in an ATWS scenario to a level consistent with
condenser makeup limitations within eight minutes, and (2) RPS/ARI, reactor
protection and alternate rod insertion systems fail. The screening values
used for these point estimates are also listed in Table 4.5.

The ATWS sequences were multiplied by an initistor equation to insure every
cut set contained an initiating event., Cut sets containing "double-flags"
and "double-initiators" werc eliminated in the same manner as for the LOCA,
transient-induced LOCA, and transient sequences.

Because of the magnitude (1.0E-05) of the point estimate for RPS in the
ATWS sequences, system cut sets were truncated at 1.0E-04 prior to forming
the ATWS sequences. The truncation of system cut sets at 1. 0E-04 made the
sequences easier to compute since fever terms were generated while
combining systems. The overall truncation level was equivalent to 1.0E-09
except for initiators with frequencies greater than 1.0/R-yr. However, the
largest of those was 4 . 5/R-yr. so in all cases the truncation level was at
least 1 OE-08/R-yr.

After substitution for the 18Ts, the following sequences survived the
truncation process: Al4, ALS, Al7, Als8, A22, A4B, A4Y9, AS1, AS2, AS4, ASS5,
AS7, A58, A60, A61, A76, A77, A93, All9, Al20, Al122, Al23, Al125, Al26,
Al2B, Al129, A131, Al132, Al47, and Al4B

14
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Figure 4.3
LaSalle ATWS Event Tree
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Figure 4.3 LaSalle ATWS Event Tree (Continued)
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1f MFW (main feedwater) succeeds, RPT (recirculation pump trip)
failure will be negligible since it depends upon the same power
sources as MFW., If power fails MFW, then it will alse fail the
RCPs (recirculation pumps). If RPT does fail, either PCS (power
conversion system) will have succeeded in which case we have an ok
sequence or, {f PCS fails, MFW will bebave as in note (3) and the
RCPs will fail on low suction pressure (the peak pressures will be
below level D strvess limits).

1f MFW fails, RPT is not relevant since RFV {reactor pressure
vessel) level can not be maintained and the resulting low level
will result in RCP fillure on low suction pressure, = Sequences
transfer to (&),

MFW can not continue to run for more than about 8 minutes without
depleting the main condenser unless the operator controls level.

Transfer sequences from (7).

Operators are instructed by EOPs (emergency operating procedures)
not to use inhibit switeh for ADS (automatic depressurization
system) bul to reset timer,

For cases where mo choelce (s given, ADS success or failure will not
affect sequence timing or end result significantly. 1f the
pperator opens the SRVs {(safety relief wvalves) to bring pressure
down or auto ADS occurs due to low level, power will increas from
about 124 to about 18%, LTAS code calculations, described inm
Volume 4 of this report, show that ADS and subsequent HPCS (high
pressure core spray), LPCS (low pressure core spray), or LPCI (low
pressure coolant injection) injection 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 Cheir
shutoff heads, and, if HPCS is working, thiy will remain shutoff
since the pressure will not decrease back below theii shutoff
heads. If HPCS is not working then oscillatory behavicr results
{mild pressure variations).

Containment pressure increases until containment failure occurs.
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Figure 4.3
LaSalle ATWS Event Tree

4-15



el el B e e = T
[ i
: R

B e T T | "R e

A e o ™ A e, el -
" . S o '
& i

e e e 4 i e 45 1A s g g e Mg A e At . b A s e P,

1.

&,

Figure 4.3 LaSalle ATWS Event Tree (Continued)
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1f MFW (main feedwater) succeeds, RPT (recirculation pump trip)
failure will be negligible since it depends upon the same powir
sources as MFW., If power fails MFW, then {t will also fail the
RCPs (recirculation pumps). 1f RP1 does fail, either PCS (power
conversion system) 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 peéak pressures will be
below level D stress limits).

1f MFW fails, RPFT is not rvelevant since RPV (recctor pressure
vessel) level can not be maintained and the resulting low level
will result in RCOP failure on low suctlon pressuare.,  Sequences
transfer to (4).

MFW can not continue to vun for mwore than about B ~inutes wilhout
depleting the main condenser unless the operator controls level.

Transfer séquences from (2).

Operators arve inscructed by EOPs (emerpency eperating proceduves)
not te use Iinhibit switch for ADS l{automatic depressurizatien
system) but to reset Uimer,

For cases where no chofce is given, ADS success or faillure wiil not
affecr sequence timing eor end result significantly. 1€ the
operator opens the SRVs (safery relief valves) to brlng pressure
down o1 auto ADS occurs due. to low level, power will increase from
about 12% te about 1B%.  LTAS cede calculations, deseribed in
Valume 4 of this report, show that ADS and subcequent WPCS (high
pressure core spray), LP§ (low pressure cors spray), or LPCI (low
pressure coolant injection) injection will not produce excessive
power spikes. lLevel will remain at about 2/3 TAF, the low pressure
injection aystems will Inject eénough to ralse pressure above thelr
shutott heads, and, If HIFCS is working, they will rvemain shuteff
since the pressure will not decrease back belew their shutoff
heads . If HPCS is nut working then woscillatory behavior results
{mild pressure variations).

Containment pressure increases until containment failure oceurs.
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Figure 4.3 LaSalle ATWS Event Tree (Continued)
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1f MFW (main feedwater) succeeds, RPI (recirculatiorn pump trip)

failure will be negligible since it depends upon the same power 7

sources as MFW, If power fails MFW, then it will also full the
RCPs (recivculation pumps). If RPT does fail, eithor PCS (power
conversion systea) will have succeeded in which case we have an ok
sequence or if PCS fatls, MFW will behave as in =ote (3) and the
HCPs will fail on low suction pressure (the peak essures will be
below leve’ D stress limits), '

If MFW fails, RPT is not relevant since RPV (res/ ter pressure
vessel) level can not be maintained and the resulting low level
will result in RCP failure on low suction pressure.  Sequences
transfer to (4).

MW can not continwe to rum for more than about 8 minutes without
depleting the main condenser unless the operator contrels level.

Transfer sequen. - from (2).

Operators are instructed by EOFs (emergency operating procedures)
not to use inhibit switch tor ADY (asutomatic depressurization
system) but to reset timer,

For cases wherve no ¢hoice is given, ADS . ‘ocess or failure will not
affect sequence timiug or end result significantly. 1f the
operater uvpens the SKVs (safety relief valves) to bring pressure
down or aute ADS occurs due to low level, power will increase from
about l:¢& to about 18%. LTAS code calculations, described in
Volume 4 of this veport, show that ADS and subsequent HPCS (high
pressure core spray), LPCS (low pressure core spray), or LPCI (low
pressure coolant injection) injection will not produce excessive
power spikes. Level w.ll remain at about 2/3 TAF, the low pressuvre
injectlion systems will inject encugh to ralse pressure above their
shutotf heads, and, if HPCS is working, they will remain shuteff
since the pressure will not decrease back below their shutoff
heads. 1f HPCS is not working then oscillarory behavier results
(mild pressure wariations).

Coutainment pressure increases until containment failure occurs.
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Figure 4.3 LaSalle AIWS Event Tree (Concluded)

RHR (residual heat vewmcv..) and Venting success - Containment
pressure remsins bulow ADS reclosure pressure (90 psia, 321 F).
Gscillatory behavior results from RPV pressure exceeding low
pressure syvstem shutoff heads, injection valves cycle (16
tiwes/ar.).

RHR OK and Venting failure - Contaiument pressure increases to ADS
reclosure pressure then oscillatory behavior results (100 psia, 321
F) from RPV pressure exceeding low pressure system shutoff heads,
injection valves cycle (11 times/hr.).

RHR fails and Venting OK - Containment pressure remains below ADS
reclosure pressure (90 psia, 321 F;. Oscillatory behavior results
from RPV pressure exceeding low pressure system shutoff heads,
injection valves cycle (16 times/hr.).

BRHR and Venting fail - ADS valves reclose at about 85 psig, RPV
repressurizes above LPCS and LPCI shutoff heads, boileff and core
damage occurs long before containment failure,

Upon contaimment leak or rupture to the reactor building, severe
environments may result in equipment failure.

Ulitimate Shutdown - Requires alternate rod insertion or Boron
injection by some alternate means.
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Table 4.5
Vilue Block Changes for ATWS Sequences

COMMENTS 3-24-87 §
CUMMENTS (HiS VALUE BLOCK HAS CHANGES FOL ATWS SEQUENCES INCOPPORATEDS
COMMENTS FOR FOLLOWING DATA ---$

0.5 $ OPFAILSCDS.OE $
0.1 $ SLCOOOUX-QO0-OE §
A $ OPERR-INITSPC $
01 $ OPERR-INITCSS S
3.0E-02 § SLOCA-1E $
3.0E-03 $§ MLOCA-IE $
3.0E-04 § LLOCA-IE §

COMMENTS OPFATLSCDS-OE WAS 5,0E-01
COMMENTS SLCOO00X-Q00-0OE WAS 5.0E-01
COMMENTS OPERR-INITSPC WAS 1.0E-02
COMMENTS OPERR-INITCSS WAS 1.0E-01
COMMENTS SLOCA-IE WAS 1.0E-01
COMMENTS MLOCA-1E WAS 3.0E-03
COMMENTS LLOCA-IE WAS 3.0E-04
COMMENTS END OF ATWS 3-24-B7 CHANGES $

A A3 A3 4D LD A A

SCREENING VALUES FOR POINT ESTIMATES FOR ATWS SEQUENCES

Point Estimate Screening Value
FWL = OPFATLSMFV-8M 0.5
RPS 1.0E-05/yr.
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5.0 OFERATOR RECOVERY ACTIONS

At this point In the LaSalle PRA, we hdve identified a set of potential
core damage accident sequences. These accident sequences consist of
equipment failures (e.g., pump fails to start and run, valve fails closed,
ete.) and human errors (e.g., maintenance, test, etc.) and their estimated
probabilities of occurrente. 'f we stopped at this point, the PRA would
not accura® ly reflect the possibility of potential core damage due * an
accident sequence. To accurately reflect this possibility, we must include
events in the cut sets which represent the ability of the plant operators
and other support personnel to prevent or mitigate core damage during the
accident situation. These events are called recovery actions,

A methodalogy fer including recovery actions in the LaSalle PRA was
developed and reported iu Volume 1 of NUREG/CR-48341 and is explained in
detail in Volume 2 of NUREG/CR-4834 7 A summary of the wethodology and its
development follows.

In the methodology, a reécovery action is defined as an action which must be
accomplished by the operators (or others) to prevent or mitigate core
damage during an accident. It consists of two distinct phases:

U a diagnosis phase - recognizing that a problem exists with one of
the critical paramet nd deciding what to do about it, and
2, an action phase - physically accomplishing the action(s) decided

upon in the diagnosis phase.

A new data-based model for estimating the contribution from the diagnosis
phase for certain type recovery actions was déveloped after (1) examination
of existving models indicated a heavy reliance upon judgement data and (2)
results from statistical testing of observed operator bebavior indicated a
lack of correlation to the corresponding judgement data. This new data-
based model for the diagnosis phase was developed using information
obtained from simulator drills. These ¢imulator drills were based cn
preliminary vesults from the LaSalle PRA. These preliminary results were
used to define realistic plant-specific accident scenarios which could
potentially lead to core damage. The drills were used to obtain time data
ori the operatar team’s ability to respond to the accident scenarie. This
time data, along with the grouping of operator actions based upon the
undel lying operational similarity of the actions, provides the basis for
the model of the diagnosis phase of the recovery action. 1t was concluded
that existing models for the action phase of the recovery action could be
used,

The recovery methodolagy can be summar.zed as follows:

1. Appropriate recovery actions are identified. This includes beth
recovery actions which are to be placed directly on the event
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trees or fau't trees and recovery actions which result from
examination ot the information contained in the cut sets.

B For the recovery actions which are not included in the event trees
or fault trees, a unique event representing the recovery action or
et of recovery actions is defined and then added to the
~ppropriate cut sets.

3 The recovery actiors are modeled as consisting of a diagnosis
phase and an action phase.

b, Estimates of the failure probabilities for each phase are provided
using separate models (i.e., the diagnosis phase uses the data-
based models developed from the simulator data and the action
phase uses existing models).

9. Estimates for each phase are combined to produce a single non-
recovery probability.

6. The effect is that the original cut sets' failure probabilities
are multiplied by the non-recovery probability of the recovery
action(s) to give new cut set failure probabilities. The new cut
set failure probabilities now reflect the operators' contribution
in reducing or mitigating core damage.

5.1 Application of the Recovery Methodology

As stated above, the recovery methodology used in the LaSalle PRA was
developed in NUREG/CR-4834.! Figure 5.1, Figure 2.1-1 of Reference 2,
provides a flow chart for the application of the recovery methodology. The
following sections describe how the recovery methodology was implemented
for the 1isalle accident sequences.

Before the sequence can be analyzed to determine whether the operator can
intervene to restore failed equipment, the assumptions regarding types of
operator vecovervy actions must be defined. We have included the following
recovery considerations in the LaSalle Unit 2 analysis.

i Failure Mechanism: The fault trees were developed to a level of
detail that allows us to identify recoverable and non-recoverable
faults, For example, "local faults" of a valve generally included
a mechanical failure of the wvalve that precluded any operator
recovery, either remote or local. "Control circuit faults",
however, have recovery potential by the operator actioms of
identifying the problem and possible manual opening or closing of
the valve. In general, extraordinary actions were not considered
unless they were clearly indicated as being needed and sufficient
time was available to perform them.

5-2
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2, Failure timing: This can be subdivided into two categories:

¢. The time of the failure with respect to the accident scenario
(i.e., the time to the onset of core damage) determined, in
part, the state of the operator and his ability to cope with
the failure. To pick two extreme examples, much less credit
would be given teo & recovery action that had to occur within
the first two minutes of an accident sequence than to the
same type of action that must occur within the first eight
hours of an aceident sequence.

b. Tho time to the "Point of No Return” for equipment damage is
also a factor. Some failures are not immediately
catastrophic. Many support system failures will cause a
front-line system failure only after a period of hours has
gone by, Thus, if the operator recelves warning of a problem
developing, he may have sufficient time to diagnose and
correct the situation,

w

Failed Equipment Location: For operations outside of the control
room, the operator must have definite indications of a problem
with the system of interest and sufficient time to take corrective
action. For most locations at LaSalle, an additional ten minutes
over the control room time is sufficient for the operator to reach
the location.

4. Number of Recovery Actions: Credit was not given for multiple
recovery actions unless the actions were performed by a different
set of indivi- ls or were distinct enough or separated by a large
enough time interval to be regarded as independent. An example of
the first case is the recovery of offsite power which was
considered as being performed independently of other onsite
recovery actions. An example of the second case is recovery of
injection in the initial phase of the accident and then recovery
of containment heat removal in the many hours available until
containment failure.

5.1.1 ldcntification of Possible Recovery Actions

It is recognized that some recovery actions were included in the event
trees and the fault trees., The recovery aztions included in the event
trees were operator actions that were necessary to model certain accident
sequences. The recovery actions included in the fault trees were generally
high-level procedural actions. The recovery actions included in the event
trees or fault trees are listed in Table 5.1. The remainder of this
section deals with the recovery actions which were "ANDED" to the sequence
cut sets resulting from various SETS runs.
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One of the first tasks which must be accomplished to take credit for
recovery actions 1s to identily the potential recovery actions. For
LaSalle this was done by:

P Identifying the basie event failures which were recoverable and

2. Examining the cut sets to determine if any other potential
recovery actions existed.

Using the Variable Ocourrence Table (VOT) from the SETS run for each
sequence , the basic events wore examined to determine if they were
potent ially recoverable, If a basic event was found to be potentially
recoverable, it was ldentified as recoverable and was initially grouped
depending upen what type of action was necessary to accomplish the recovery
action.  This lncluded identifying whether the action could take place in
the control room, locally within the plant, or some place else. Table 5.2
is a sample of a VOT from a SETS run with the basic events ldentified as
cither rvecoverable or non-trecoverahle, and if recoverable then recoverable
from the control room, locally, or some place else.

The basic events which were identififed ag recoverable were grouped i(nte
categories depending on whether they were recoverable from the control toom
(RA-1 type actions), locally (RA-2 type actions), or some place else (e.g.,
RA-8 type asctions). Ta'les 5.3 through 5.7 1list the basic events which
were grouped into a specific recovery action type (e.g., RA-1 type actions
are listed in Table 5.3). In addition to the rvecovery actions resulting
from sxamination of the VOT, other recovery actions were jldentified after
oxamining the cut sets. Table 5. & lists these recovery actions,

9 1.2 Appllcation of Recovery Actions to Cut Sets

After the basie events were identified as vecoverable or nen-recoverable,
they were prioritized to facilitute the application of the recovery etions
to the cut sets. The order of priority was roughly in order -f their
probability with the easiest actions being taken credit for flrst (i.e.,
the lowest non-recovery probability asetion® that is, the highest recovery
prebability action was taken credit for first), If two actions were
possible and they could be considered independent of each other, then
credit weuld be given for both. It should be noted that if restoring
oftsite power (i e., RA-B) was a potential recovery action, then taking
credit for at least one mere recovery action in the same cut set was always
possible (see section 5 1).

After prievitizing the basic events, a global search through the
computerized list of out sets for each sceident sequence was conducted to
identify each occurrence of a basic event., 1f the cu’ set containing the
basic event did not have a recovery action, then the recovery actie-
agssociated with that basic event was “ANLED" to the cut ser, 1f the cu
get already cvonta.ned a recovery fenn thar had been Identified by this
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Table 5.4
Basic Events Which Were Categorized
as RA-2 Type Actions

CSCFO6BA-VCC-CC
CSCFO6EB-VCC-CC
CCBFO6BA-BTO-LF
CSCBOGEX - BCO-LF
HACTK13CPS - L¥FCO
HACTR13CP3- LFCO
HCSFOO4C-VCC-Ch
HOSFO15C-VCC- 0§
HCSFO23C-VCo-C8
HFOO4LCB- BCO - LF
HGO1SCB-BCO-LF
HFO4CSC-QOC - LF
LAK14ARC-RCO- LFO
LAK14BRC-RCO - LFO
LAK93ARC - RDO- LFO
LAK93BRC-ROO - LFO
LAKY3ACPS - LFCO
LAK93BCP3 - LFCO
LAK105AA - ROO - LFO
LAK105B8-R0OO - LFO
LF5KBAR-ROO - LFO
LAK10BB-ROO- LFO
LOSCOO2A-RUM- 1
RHRCOO3B-RUM- 1
RHRF64BR-RUM- |

KHRF47AA-RUM- 1
RHRF47BB-RUN- 1
RHRF4BAA -V0O-CC
RHRF4BBB-VOO-CC
RHRHOLAX -RUM- 1
RHRHO1BX-RUM - 1
RHRF55AK -RUM- 1
KHRFS5BX -RUM- |
RHRFS1AA-RUM- 1
RHRF51BB-RUM- 1
RHRF60AA -RUM- 1
RHRF60OBE-RUM- 1
RHRFG5AA-RUM- 1
RHRF65BB-RUM- 1
RHRF64AA -RUM- 1
RHRF74AA -RUM- 1
RHRF74BB-RUM- 1
RHRFB7AA-RUM-1
RHRF87BB-RUM-1
RHRFBBAX - RUM- 1
SCSFO6AA-RUM- 1
SCSFOGBB-RUM- 1
RHREO3AX - BCO- LF
RHRBO3BX - BCO- LF
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Table 5.5
Basic Fvents Vhich Were Cateporized
as RA-8 Type Actions
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Table 5.6
Basie Fvents Which Were Categorized
as RA-9 Type Actions

——— e ke il i T e 514 i Ay et

DGO GEN- LY
PCO-GEN- GO
DGZA-GEN- LF
DG2A-GEN-CC
DU2K-CGEN-LF
2B -GEN-CC

Table 5.7
Basle Events Which Were Categorized
as RA-15 Type Actions

DG -CM
5410




R e T

Table 5.8
Recovery Actions ldentified After Examining the Cut Sets
—datien’ . Description

RA-1 Manual operation of a system or component from the
control room.

RA-2 Local operation of components.

RA-3 Open RCIC isclation valve(s) after RCIC room iselation.

RA-4 Isolate recirculation pump seal LOCA AND restore PCS.

RA+ 5V Vent through alternate vent path,

RA-6 1f one electric power train has falled, one-half of the
time the recirculat ' on pump LOCA will occur on the
recireulation pump wviich can be isolated. Isolate
recireulation pump seal LOCA AND restore PCS.

RA-7 Open a manu 1 valve that 1s closed due to unscheduled
maintenance .

RA-8 Recover off-site power.

RA-9 Recover DG after loss of off-site power and failure of
D&

RA-10 Replace a fuse in the control room.

Ra-11 Manually close SBLC valves after the oncurrence of an
ATWS, given failure to close the valves following a
previous test on the SBLC system.

RA-12 locally ¢lose RWCU valve after the occurrence of an ATWS.

RA:-15 Repair of DG common mode failure.

RA-16 Manual start of a DG from the contrel room and then
manual start of an SBLC pump after the occurrence of an
ATWS .

RA-CDS Use condensate system.

RA - DDFP Use diesel driven firewater pump.

* RA-13 and RA-14 not used.

L



process, then no additionsl recovery actioen was added unless the actions
could be considered independent. This process wvas continued until all the
tecoverable basic events were exanined.

LY

i.1.3 Obtaln Estiwate for Recovery Action

After the vecovery action {dentifier was applied to the cut sets, we
obtalned estimates for the failure probabilities of the recovery actions.
Since the recovery actions were modeled as consisting of two phases (. &,
diagnosis phase and action phase), each phase was estimated using
appropriate models. The following sections discuss how estimates for each
phase were obtained.

5.1.0.1 Dlagnosis Mase Estipate

Two tasks had 1o bhe accomplished before the diagnogls phase failure
probability of a recovory actlon could be estimated, First, where
possible, we ldentified the group which best described the recovery action
of interest by secarching Table 5.9 (Table ?.1.5-1 In Reference 2). Second,
Wi eatimated the time available for the operators to dlagnose the recovery
action., These tasks are described below

51,311 ldentification of Group Which Best Describes
Recovery Action

To identify the proup that best desoribed the recovery action, we examined
the actions In each group in Table 5 9 and chose the group that contained
actions that were most similar te the recovery action of interest or for
which the group deseription was judged to be the best match, If the
recovery action could not be described by one of the groups In Table 5.9 or
(1 specific data existed for the recovery action, then other models were
used to provide estimates for the recovery actien.

For example, basic event APOAOXI.ROO-LFO from Table 5.7 represents a
fatlure in the automatic operation of dlesel generator “2A%, Searching
Table 5.9 for the actions which ave most similar or the description which
best describes the recovery action, we found that the action was best
dereribed by CGroup 3. Manual eperation of systems or components which
falled to avtomatically actuate (operate). This process was repeated for
cach basic event in Tables 5. 2 and % 4. In addition, the recovery actions
listed fn Tables 5.1 and 5. 8 were examined to determine if they could be
described by the proups in Table 5.9, Table 5.10 list the recovery actions
idontified by this process.
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Table 5.10
Description of Recovery Actions Based Upon
Examination of Croup Descriptions

. in Table 5.9
r *
RA- 1 1 Manual operation of a system or compe-: RA-1-1

nent from the contrel room that has ne
k automatic actuation or prior to its
automatic ovperation if it has automatic
actuation.

RA-1 3 Manual operation of & system or component RA-1-3
from the contral room which failed to
! autouatically actuate,

RA-2 11 Local operation of manually controlled RA-2-11
components normallv operated from the
control room when controel-room operation

falls.

RA-2 3 Local operaticn of a system or component RA-2-3
which failed to automatically actuate,

RA-3 12 Open RCIC _Jolation valve(s) given RA-3-12
accurrence of RCIC reom isolation,

RA- 5V 1 Vent through alternate vent path. RA-5V-1

RA -7 1 Locally open a manual valve closed due RA-7-1

to unscheduled maint nance of a pump,
Restores heat removal.

to unscheduled maintenance of a pump.
Restores injection.

RA-10 1 Replace a fuse in the control room in a RA-10-1 |
system or component that has no automatic |
operation or prior to its automatic l
operation if it has automatic operation. ‘

RA-ATWS-11 11 Local operation of manually contrelled SBLC RA-ATWS-11-11
valves normally operated from the control |
room when control-room operatior fails.

RA-ATWS-16 3,1 Manual start of & DC from the cont~ol room RA:ATWS-16-31
and then manual start of SELC pump.

|
|
|
|
|
|
| RA-7 3 Locally open a manua. valve closed due RA-7-3
|
%
|
l
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S8 07 Estimating Time T,

In arder for us te he able to estimate the amount of time available for the
dlagnosis phage of the recovery setlon, the maximum time avallable te the
operators wust be estiwated. Thais maximum time, Ty, is the time during
which both phases of the tecovery action (i.e., dlagnosis phase and action
phase) must be completed to ensure the prevention or mitigation of the
undesitable outcome. Ty was estimated using thermal hydraulic computer
codes to previde information on cere or containment parameters (e.g. .
pressure, temperature, water level, ete.).  Table 5,11 list the estimates
of Ty that resulted from the thermal hydraulie calculations. In Volume 4
of this report, the results of the caleulations are discussed in more
detail,

9.1.3.1.3 Devermination of T,

Alter ustimates of Ty were obtaloed, the amount of time required to
phys feally accomplish the action(s; decided upon during the dlagnosis phise
was determined.  This time, T,, was estimated asg the maxioum amount of time
vegquited by the operator(s) to teach the area where the action takes place
plus the time reguived teo accowmplish the action(s). The time required te
accomplish different classes of setions {8 presented in Table 5,12,

5.1, 2. 1.4 Fetimate Time Available to Diagnose the
Rercovery Action, T

The following expression was used to estimate the time available to
dlagnose the recoveiry action:

Ty = Ty - Ty, where

I the maximum vime in which both phases of the recovery action must
he complete *o prevent or mitigate an undesirvable outcome during the
aceident, and

Ty 18 the time requived to physically accomplish the action(s) decided
upot in the diagnostis phase.

Table 5 .13 list the possible dlagnesis times for the LaSalle sequences.

5.1.3.1.5 Estimate Failuve Frobability for Diagnosis
Fhase P(ND) at T,

Givenn that the group which best desctribes a recovery actlon has been
identifled (Section 5.1.3.1.1) and the amount of time available to diagnose
the recovery action has been estimated (Section 5.1.3.1.4), the failure
probability for the diagnosis phase of the recovery actlion was determined
by !

5416




Table 5.11
Estimates for Ty Resulting From

Theraal ‘Hydraulic Calculations
———fguence . . otes
T12 27 hours 1, 6
2 hours 2, %
T24 27 hours 1, 6
6 hours 2, &
T30 27 hours P
6 hours 2, 6
T40 27 hours A
6 hours 2. 6
T50 23 hours 1, 6
2 hours 2, &
T59 8 hours L9
I 10 hours 4, 7, 8
T4 27 hours 1, 6
6 hours 2, 6
T76 27 hours i, 6
6 hours 2, 6
T88 23 hours 1, 6
2 hour . 2, 6
T97 1 hour 5, 9
T98 B0 minutes 5, 9
| TL16 27 hours 1, &
| 2 hours 2, 6
| TL3G 27 hours 1, 6
- 6 hours 2, 6
TL36 27 hours 1, 6
! 6 hours 2, 6
| TLAS 27 hours 1, 6
l 6 hours 2, 6
TL54 23 hours 1, &
! 2 hours 2,6
| TL62 & hours 3, 7, 8
| 10 hours by 7,8
{ TL6S 27 hours 1, 6
6 hours 2, 6
TL8O 27 hours 1, 6
6 hours 2. R
| TLY? 23 hours 1, &
| 6 hours 2P
| TL10O 48 minutes 5, 9, 10
| TL101 54 minutes 5 9,10
Ll6 15 hours 1, 11
4 hours 25' 11
5-17
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130

" NOTES

o Gl 2

CAmount of time to restore containment heat

o«

-~

Table 5. 11 (Coneluded)
Estimates for Ty Resulting From
Thermal ‘Hydraul le Caleulations

15 hours 1; 4l
4 hours 2 11

removal or begln Injection of water inte the
vessel

- Amount of time to begin venting the containment.
< Amount of time to begln Injection of water into

the vessel when noe AC power Is avallable,

- Amount of time to begln injection of water into

the vessel when AC power s Initially avallable,

Amount of time to vestore Injection of water

into the vessel .

LTAS caleulation (long-tece loss of CHR, high pressure
injection avallable)

LTAS calculation (loug-term loss of CHR, RCIC only)

f - LTAS caleuwlation (long term loss of CHR, low pressure

9

o .
« LTAS caleulation (small break, liquid)

11

injection ouly)
RELAP caleulation,
LTAS caleulation (small break, steam)
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Table
Potential Diagnosis Times

Ta

 min

min
min
win

" wmin

wmin
min
min
win
min
min
min
min
i
min
min
b

min
min
win
min
min
min
min
wmin
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26
22
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14
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65
58
45
92
39
46
33

min
min
min
min
win
min
min
min
min
min
win
min
min
min
min
min

min
min
min
min
min
win
min
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elther falling to diagnose the appropriate action or failing te perform the
recovery action. PF(NR) {s calculated using the following expression:

PI(NR) = P(ND) + P(NA) - P(ND)P(RA)

T v

where P(NR) is the fallure probability for the recovery zetien,
P(ND) i the fallure prabability for diagnesing the rvequived
aotion within time Ty, and

P(NA) is the fallure probability for physically accoaplishing the
action within the time T,.

5.7 Sample Calculation

As an example of how an sstimate of the failure probabiliiy for a recovery
action was made, consider the basle event LAK9IARC.ROO-LFO, The event
represents the failure of a normally open motor operated valve to close and
to remaln closed given that it is demanded closed, The valve in gquestion
is normally controlled manually from the control toom. The faillure
probability is estimated ax follows:

L, Table 5.9 is searched tor the group which hest describes the
recovery action, in this case group 11,

2. From thermal-hydraulie caleulations, it has been determined, for
the sequence of Interest, that the maximum amount of time
available to the eperators 1s 27 hours 1.e., Ty = 27 Yours,

3 From considering the physical actions required teo accomplish the
recovery action, it Is estimated that 15 minutes will bu required
to accomplish the action 1.e. , T, = 15 wmiates, This 15 winutes
Includes 10 winutes of travel time and 5 minu‘es of time to
physically close the vaive.

4.  Given the information in (2) and (1), T, = 26 hours and 45
minutes

Table 2.1.9-9 from Refereace 2 (reproduced here as Table 5. 14)
corresponds to group 11 as identified in (1),

wr

6. Since T, is larger than the last occurring value of time in Table
.14, the last value in the probability of failure column is used,.
Thus, P(ND)egien = 0. 00060,

7. The EF associated with this value of P(ND)gqe 18 10.0 since

dividing the corvesponding upper 95% confidence limit by the
median failure probability results in a value greater than 10.0.

5-22
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Table 5.14
Croup 11, Perameter Hutimates from Fit of Lognormal Function :

(N = 15, Mean = _BS5, Standard Deviation =. 50)

'|
Standard Upper 95% Lower 95% |
Tine Deviation Probability Confidence Confiderice ;
imin.) ef Foint of Fasilure — __Limit limit |
1 039 .96 .99 .78 |
A 072 .87 .96 .66
3 088 .77 .90 .56 f
4 .0%6 .69 8% 48 |
5 .10 .62 .79 .41 |
5 .10 .56 .74 .36 |
7 .10 .51 .70 31 |
s .11 .46 .66 .27 |
9 (11 42 .63 .24 »
10 10 .39 . 60 .21 ‘
11 .10 L35 .57 .18
12 .10 .33 6% .16
13 .10 .30 .53 .14
14 .10 .28 .51 A9
1% 098 .26 .49 5 |
16 .096 .24 .47 .10
17 094 .23 .46 .0982
18 .092 .21 .44 L083
19 .090 .20 .43 ,075%
20 .088 .19 .42 .068
21 L0086 .18 .41 .062
22 ,084 .16 .40 .056
23 .082 16 .39 L0851
24 08B0 16 .38 .047
25 .079 .14 .37 043
26 077 .13 .36 .039
27 .07% 12 .35 .036 “
28 .N73 12 .35 033 |
29 .071 11 .34 .030
30 069 11 .33 028
3l .068 .10 .33 026
12 066 097 .32 .024
33 .064 092 .31 .022
34 .063 .088 .31 .020
s 061 .084 .30 .019
36 060 .081 .30 .018
a7 L0858 077 .29 016
38 087 074 . 29 .01%
39 .056 , 071 .29 .014
40 054 .068 .28 .013 :
41 L0583 068 .28 012 |
*kExtrapolated beyond time = 28.9 min.
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(8) The mean wvalue for the diagnesis fallure probability is then
calculated. This results in:

PND pean = (PUND) pouinn) (€xp{(in EF/1. 645)2
72))

= (0.00060)exp{{ln 10,.0/1.645)%/2))
« ]1.6E-3

9)  The actlon phase of the recovery action 18 & series of physical
sctions carried out by the personnel at the plant. For this
example, the control room cperators would direct someone (e . g., a
B-man) to manually close the valve and would moniter contrel room
lnstrumentation for indications as to the success of the requested
actien. To cstimate the action phase fajlure probability, a HRA
event tree s constructed (see Chapter 5 of Reference 3). The HRA
event tree constructed for this example is shown in Figure 5.2,
This HRA event tree, in conjunction with the human error
probabilities (HEPs) given in Chapter 20 of Reference 3, provide a
means of estimating the action phase of the recovery action,

From the HRA event tree, the probability of failing to accomplish
the actlon phase s found by:

P(NA) ~ F, 4 F, + Fy + F,

Fl"‘o

P T——

Fy » (0,001)(1.25)%(0.003)(1.25)% = 4 69E-6
Fy = (0.001)(1.25)%(0,003)(1,25)% = 4 .69E+6
Fo = (0,0001)(1,25)%¢0.003)(1.25)% = 4 69E-6

(NOTE: *1.2% 1is the multiplier used to convert a median value
with EF=3 to a mean value assuming a log-normal distribution.)

P(NA) = 0 ¢ &4 69E-6 + 4 69E-6 ¢+ & 69E-6
= L.4E-5

(10) With both P(ND) and P(NA) having been determined, the total
failure probability for the recovery action is found by:

P(NR) = P(ND) + P(NA) - P(ND)P(NA)
= (1.6E-3) + (1.4E-5) - (1.6E-3)(1.4E-5)

= (1,614E-3) - (2.24E-8)
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Mochadeal o phiysleal Tallure piobibits apsrator
trom getling message 1o Boman
Erre, iu message foom operator

Opeiator Catls Lo monitar Tesdhack (redovery acbiun)

Powman oo sunderstanids mannspe

Uperator taile to monitor fesdback (recovery sction)

Eoman selects tnpurrect valve

Operator fails to mobibor fesdback (vecovery aotion)

Figure 5,2

001 (BF = )

ooy (EF = 2}

804 (EF = W)

003 (EF = 1)
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0oy gy = 3)

HRA Bvent Tree for Example Application
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» 1.614E-3

w 1, 6E-C

5.3 BRecovery Actions for leislls

Following the procedures described above, failure probabllities for the
fecovery actions In Tables 5.1 and 5 10 were calculated. To determine the
final values for use In the PRA, one last factor needed to be considered,
In determining the final value for recovery actlons, one needs to conaider
the randow failure probability of the equipment to be used in the recovery
process.  While contrel c¢ireult tallure on a wvalve can be bypassed by
locally manually opening the valve, there ls some probability thar the
valve itself may be lovally failed, This fact puts a lower limit on the
effectiveness of the operator The non-cecovery failure probability used
in the PRA to gquantily the cut sets can not have a failure probability less
than the corresponding faillure probability of the equipment. For purpose.
of this PRA;, the non-recovery provability was not allowed to be below 1.0E-
03 which is roughly the failure probability of the types of equipment
modeled in the PRA and used for the recovery actions. 1t was assessed that
a more exsact model which evaluated a separste vandom failure for each type
of equipment and recovery action was unwarranted The results of these
calealations are presented in Table 5.15.

5.4 Refereunces

1. L. M, Weston, D, W, Whitehead, aud N. L. Graves, "Recovery Actlons
in PRA for the Risk Methods Integration and Evaluation Program
(RMIEP), Volume 1: Data Based Methoad,” NUREG/CR-4B834/1 of 2,
SANDB7-0179, Sandia National Laboratovles, Albuquergue, NM, June
1987,

d0 D, W, Whitehead, "Recovery Actions in PRA for the Risk Methods
Integration and Evaluation Prograr (RMIEPF), Volume 2: Application
of the Data Based Method," NUREC/CR-4834/2 of 2. SANDE?-0179,
Sandia National laboratories, Albuquerque, NM, December 1987,

3. A D, Swain and H. E. OGuttwann, “"Handbuok of Human Relisbility
Analysis with Emphasis on Nuclear Power Plant Applications, Final
Report " NUREG/CR-1278, SANDHO-0200, Sandia National laboratories,
Albuquerque, NM, August 1983,

5-27




I,
|

o f¥ent Nime

Table 5.15
Recovery Actions in LaSalle FPRA

Defacitien

1EDC2ZDEP- FROP -4
LEDCZDEP- FRP-15H
LENCZDER - FRP-27H

ADS - INHIBIT-12M
ADS - SEL-OF - H4M

ADS-SEL-GE-BOM

CRD-REALIGN - OF

CRD1 - REAL LGN -OK

MFS-RESET-25M

MFS -RESET-69M

MFS-RESET. 9%M

MFS -RESET-0E-27H
MODESWTCOH - OE - 69M
HODESWTCH-OE-95M
OP<F- INITCSS - 25M
OF-F- INITCSS- 30M
OPF-F+INITOSS - 56M
OP«F-INITCSS - hoM
OF «F-INITCSS - B5M
OP-F-INITSPC-85M

OP-F-REOPN- FTR

Fallure to restore offsite power

in 4 hours

Fallure to restore offsite power

in 15 hours.

Fallure to restore offsite power

in 27 houts,

Opetrators inhibit ADS in 12 minutes.
During a selsmic Induced aceldent
operstors fall to ADS in 56 winutes.
During # seiemic induced accldent
operators fail te ADS in B0 minutes.
Opevators fall to realign the CRD
system (two pumps avallable) in

K hours.

Oporators fall to realipgn the CRD
system (one pump avallable) {o

12 hours,

Operators fall to reset main feed.
water trip in 25 minutes,

Operators fail vo reset main feed-
water trip In 69 minutes.

Operators fall to reset main feed:
water trip dn 95 minutes.

Operators fall to reset main feed-
weter trip in 27 hours.

Operators fall to change mode switeh
from run to shutdown in 69 minutes,
Dperators fail to change mode switch
from run to shutdown fn 95 minutes.

Operators tail to
ment spray system
Operators fail to
ment spray system
Operators ftail to
ment spray system
Operators fail to
ment spray system
Operators fail to
ment spray system
Operators fall te
sion pool cooling
Operators fail to
valve.
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NValue _Source
1.0 1
2.08.2 1
2.0E-2 1
2.06:1 2
2.2E-3 2
?.2E-3 P
2.1E+3 ?
2.1E-3 2
4. 4E- D ?
2.1E-3 2
?bl!‘a 2
2.1E-3 2
1.2E-3 2
1.2E-3 b
initiate contain. & 4E-3 2
in 25 minutes.
initiate contain- 2.7E-) 2
in 30 minutes.
init{ate contain- 2.1E:3 ?
in 56 minutes,
initiate contain- 2.1E-3 2
in 59 minutes.
initiate contaln- 2:183 2
in 8% minutes,
initiate suppres- 2 1E-3 2
in 85 minutes,
reopen RCIC FO63 4. 3E-1 2

e ol i g g
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Recovery Actions in LaSalle PRA

e iyent Name SR—— 3 § (T S T Value. Seurce

OUPFATLSMIW - BM Operators fall to control wain feed. 5 0K-] ?
water systewm In B winutes.

OPS-F-VENT - 6N Operators fall to vent {n & hours 1

RA<1 1-10H Mariual operation within 10 hours Z2.1E-3

!-HH ;
: Table 5.15 (Continued)

L

i of & systen or component from the
contrel room that has po automatic
actuation or prior to its automatic
operation 1f it has automatlc
l actuation,
RA-1-1-1%H Manual opeiation within 15 hours 2.1E:3 2
t of a system or component from the
cofitrol room that has no automat lo
actuatlon or prier to its autematic
operation {f 1t has sutomatie
| sctuat loan,
RA-1:1-23H Manual operation within 23 hours 2, 1E:3 2
] of a system or component lrom the
, control foom that had no mitomatic
| actuation or prier to lts autematic
E operation 11 1t has automatic
actuation,
l RA-1-1-27H Manual operation within 27 hours 2.18-3 2
] of & wystem or component {rom the
i control reow that has no automatic
actuation or prier to Its automatic
{ operation if it has automatie
actuation.
RA-1-1-8H Manual operation within 8 hours 2.1E-} ?
of & system orv component from the
contrel room that has no automatic
sctuation or prior to its automatie
operation it {t has sutomatie
actuat lon,
RA<1-3.10H Manual operation within 10 hours 2.6E-3 2
of a system or component from the
contrel room which failed to
automat fcally actuate.
RA-1-3-130 Manual operation within 13 hours ? .68} ?
of a system or component from the
control room which fatled to
avtomatically actuate.
RA-1-3.1H Manual operation within 1 hour 3. 2E+) 2
of a system or component from the
contral room which falled te
automatically sctuate.

P Th e T ——— e i Y 7 e ey i v e g o e e g S A s b
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e bvent Name

RA-1-3-15H

RA.

RA -

RA -

RA -

RA -
KA -
RA-

RA-2-11-15H

«1-3-33H

1-3-27H

1-3-48M

1-3-4%4M

1-3-80M

~15-10H

15-1H

«15-23H

15-27R

15-48M

i5-8H

Table 5. 1% (Continued)
Recovery Acvions in LaSalle PRA

RT3 ¥ 5 (RS (57N

Manual operation within 15 hours
of a system or component from the
control room which failed to
automatically actuate,

Manual eperation within 23 hours
of a system or component from the
control room which falled to
sutamatleally actuate,

Manual operation within 27 hours
of & system or component from the
coutrol room which falled to
automatical ly actuate,

Mamual operation within 48 minutes
of a system or compors nt from the
vontrol room which falled to
avtomatically sctuate.

Manual operation within 54 minutes
of a system or component frem the
controel roeom which falled te
automatically actuate

Manual eperation within 80 minutes
of & system or component from the
control room which failed to
automatically actuate,

Manual operation within 8 hours
of a system or component from the
contrel reoom which falled to
automat lcally actuate,

Repair of DG common mode failure
within 10 hours.

Repair of DG common mode fallure
within 1 hour

Repair of DC common mode failure
within 23 hours

Repalr of DC common mode fallure
within 27 hours.

Repalr of DG common mode fallure
within 48 minutes

Repalr of DG common mode failure
within 8 houts.

Local operation within 15 hours
of mamually controlled components
normally operated from the controel
roem when contrel-room eperation
fails,

$+31

4,

BE-3

BE-3

4E-3

SE-3

JGE-1

6E- 3

BE-]
AE-]
,2E+1
OE-1

JSE-1
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RA-2-3-10H

BA-2+11-73H

RA-2+11-L/H

RA-2-3-1H

RA-2-3.27H

RA-2-3-48BM

RA-2-3-54M

RA-2+-7%-8BH

RA-2-3.10H

RA+3-12-2H

RA-3.12-68M

RA-3.12-80M

RA-3-12-10H

RA-4-4H

Table 5.15 (Continued)
Recovery Actions in LaSalle PRA

Definition

Value

Local operation within 10 hours
of a system or component which
failed to automatically actuate.
local operation within 23 hours
of manually controlled components
normally operated from the control
room when control-room operation
falls,

Local operation within 27 hours
of marmually controlled components
normally operated from the control
room when contrel-reom operation
falls.

Local operation within 1 hour

of a system or component which
failed to automatically actuate.
Local operation within 27 hours
of a system or component which
failed to automatically actuate,
Local operation within 48 minutes
of a system or component which
failed to automatically actuate.
Local operation within 54 minutes
of a system or component which
failed to automatically actuate.
Local operation within 8 hours

of a system or comnonent which
fa.led to automatically actuate.
Local operation within 1€ hours
of a system or component which
failed to automutically actuate.
Open RCIC isolation valve(s)
within ? hours given RCIC room
{solation.

Open RCIC isolation valve(s)
within 68 minutes given RCIC room
isolation,

Open RCIC isolation valve(s)
within 80 minutes given RCIC room
isolation.

Open RCIC {solation valve(s)
within 10 hours given RCIC room
isolation,

Isolate recirculation pump seal
LOCA AND restore PCS,

2.6E-3

1.6E-3

1.6E-3

6 9E-3

1.6E-2

1.0E-2

2.6E-3

2.6E-3

1.8E+2

R

.5E-3

2.4E-3

1.0€-3
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Table 5.15 (Continued)
Recovery Actions in LaSalle PRA

_Definition

RA-5V-1-2H
RA-5V-1+6H

RA-6-4H

RA:7-1+-15H

RA-7«1-27H

RA-7-3-8H

RA-7-3-10H

RA-8-10H
RA-8-15H
RA-8-1H

RA-8-23H
RA-<8-27H
RA-8-4EM
RA-8-80M

RA-8-8H

Operators vent within 2 hours
through alternate vent path,
Operators vent within 6 hours
through alternate vent path,

1f one electric power train has
failed, one-half of the time the
recirculation pump LOCA will occur
on the recirculation pump which can
be isolated. Operators isclate
recirculation pump seal LOCA and
restore PCS,

locally open within 15 hours

a manual valve clored due to
unscheduled maintenance on RHR
pump COO3B. Res ores heat removal.
lLocally open within 27 hours

a4 manual valve closed di- to
unscheduled maintenare” o RHR
pump COO3B. Restore - = rewoval.
Locally open within 8 . rs

a manual valve closvd du: te
unscheduled maintenance on RHR
pump COO3K. Restores Injection,
Locally open within 10 hours

a manual valve closed due to
unscheduled mainctenance on RHR
pump COO3B. Rest res injection.
Restoration within 10 hours of
2ffsite power.

Restoration within 15 hours of
offsite power,

Restoration within 1 hour of
offsite power,

Restoration within 23 hours of
offsite power.

Restoration within 27 hours of
offsite power.

Restoration within 48 minutes of
offsite power.

Restoration within 80 minutes of
offsite power.

Restoration within 8 hours of
offsite power.

2.1E-3
2.1E-3

5.0E-1

2.1E-3

2.1E-3

2.1E-3

2,.1E-3

1.7E-2
6.9E-3
1.7€-1
2.5E-3
1,9E-3
2,2E-1
1.1E-1

2.0E-2
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Tatile 15 (Continued)
Recovery Actions in Lafalle PRA

yent Newe Definition.

Value.

l
' RA-B-SE1-L1-1IH Restoration within 1 hour of
ofteite power given that a level
L1 sefsmic event has occurred.
RA-B-8E1-L1-48M Restoration within 48 minutes of
i offsite power given that a level
| 11 selsnmic event has eccurred,
, KA-8-SE1-L1-8H Restoration within 8 hours of
l of fsite power given that a level
L1 selswic event has occurred.
r RA-R-SEY-L2-1H Restoration withion 1 hour of
. offsite powsi given that a level
! 12 selsmic event has ocourred,
| RA-B-SETL2-48M Restaration within 48 minutes of
| offulte power gilven that a level
1.2 seismic svent has occurred,
| RA-8-SFI1-L2 8H Restoration within 8 hours of
offsite power glven that a level
| 1.2 gelsmic avent has occurred,
RA-8-SE1-1L3-1H Restoration within 1 hour of
effsite power given that a level
L3 selsmic event has occurred.
RA-B-SET-L3)-48M Restoration within 48 minutes of
offsite power piven that a level
L} s~lesmic event has oceuired,
RA-8-SET-L3-8H Restoration within 8 hours of
offsite power given that a level
| LY selsmic event has oaccurred
RA-8-8E1-LA+1H Restoration within 1 hour of
offsite power given that a level
L4 seismic event has occurred,
RA-B-8SE1-L4 -48M Restoration within 48 minutes of
offsite power given that a level
LA seismic event has occurred.
RA-B-SE1 14 8H Restoration within 8 hours of
offgite power given that a level
14 seismic event has occurred,
RA-B-SE1-L5-1H Restoration within 1 hour of
offaite power given that a level
L5 seismic event has oocurred.
RA-8-SE1-L5-48M Restoration within 48 minutes of
of {site power given that a level
LS selismie event has occurred.
' RA-8-SE1-L5-8BH Restoration within 8 hours of
i offsite power given that a level
, LY seismic event has oocurred,

————
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1.0
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Table 5.15 (Continued)
Recovery Actions in LaSalle PRA

RA-B-SEI-L6-1H

RA-B-SEI-1.6-48M

RA-8-SEI-L6-8H

RA-8 SEI-LL1-1H

RA-8-SE1-LL1-48M

RA-8-8SEI-LL1-8H

RA-8-SEI-LL2-1H

RA-8-SEI-LL2-480

RA-8-SE1-LL2-8H
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RA-9-SEI-48d

RA~9-SEI-BH

Restoration within 1 hour of
offsit : power given that a vel
L6 seismic event has ocour |,
Restoraticy within 48 minutes of
offsite power given that a level
L6 coismic event has occurred.
Rescuration within 8 hours of

offsite power given tt evel
L6 seismic event has u. .d.
Restoration within 1 h. of

offsite poer given that a level
LL) seismi. event has occurred.

Restoration within 48 minutes of
offsite power given that a level

LL1 seismic event has occurred.
Restoration within 8 hours of
offsite power given that a level
LLl seismi¢ event has occurred.
Restoration within 1 hour of
offsite powar given that a level
112 seismic event has occurred.
Restoration within 48 minutes of
offsite power given that a level
LL? seismic event has occurred.
Restoration within 8 hours nf
offsite power given that a level
LL? seismic event has oeccurred.

Repair of DG failure within 2 houts.
Repair of DC failure within 10 hours.
Repair of DG failure within 15 hours.
Repair of DO failure within 1 heur,
Repair of DG failure within 23 hours.
Repair of DG failure within 27 hours,
Repair of DG railure within 48
minutes,

Repair of DG faillure within 8 heurs.
Repair of " failure within 1 hour
given that o seismic event has
ogourred,

Kepair of DG failure within 48

mitnr s given that a

hag

surred.

Repair of DG failure
given that a seiswmic
ocourred,

seismic event

within 8 hours
event has

Value _____ Source
1.0 6
1.0 6
1.0 “
1.0 f
1.9 6
1.0 6
1.0 6
1.0 6
1.0 6
8.7E-1 3
5.5E-1 3
4.7E-1 3
9 3E-1 3
4,1E-1 3
4, CE-1 3
9.60- 3
6.0E-1 3
1.0 7
1.0 7
6.4E-1 7
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e bvent Name

Table 5.15 (Continued)
Recovery Actions in LaSalle PRA

Definition

Value

RA-ATWS - 8- 59M

RA-ATWS -8-85M

RA-ATWS-9-59M

RA-ATWS -9-85M

RA-CDS-2H
RA-DDFP-2H

RA-DELETE
RA-NONE
FCICRMCOOL-DELET

TDRFP-T-0OE-15H

TDRFP-T-OE-25M

TDRFP-T-0E-27H

TORFP-T-0OE=48M

TDRFP-T-0E-69M

Restoration within 59 minutes of
offsite power after an ATWS has
occurred,

Restoration within 85 minutes of
offsite power after an ATWS has
occurred,

Repair of DG failure within 59
winutes afver the occurrence of an
ATWS .

Repeir of DG failure within 85
.inutes after the occurrence of an
ATWS .

Operators use condensate system
within 2 hours.

Operators use diesel driven fire-
water pump within 2 hours.

Used to delete invalid cut sete.
No recovery action identified.
Used to delete not applicable

cut sets

Ope. :vors fail to trip turbine
driven reactor feedwater pumps
within 15 hours. Prohibits motor
driven feedwatevr pump from auto
starting.

Operators fail teo trip turbine
driven reactor feedwater pumps
within 25 minutes. Prohibits motor
driven feedwater pump from auto
starting.

Operators fail to trip turbine
driven reactor feedwater pumps
within 27 hours., Prohibits motor
driven feedwater pump from auto
str:oting.

Operators fail to trip turbine
driven reactor feedwater pumps
within 48 minutes. Prohibits motor
driven feedwater pump from auto
scarting,

Operators fail to trip turbine
driven reactor feedwater pumps
within 69 minutes. Frohiblits motor
driven feedwater pump from autoe
starting.

1.7E-1

1.1E-1

9.3E-1

9.0E-1

2.2E-3

1.0E-1

2.6E-3

3.0E-2

2.6E-3

6.4E-3

2.6E-3

e e e e e N R R IR =,
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Table 5 15 (Concluded)
Recovery Actions in LaSalle PRA

TORFP-T-OE-95M

NOTES: 1 -

Operators fall to trip turbine 2. 6E:D
driven reactor feedwater pumps

within 9% minutes  Prohibits motor

driven feedwater pump from auto

starting.

thod, NUREG/CR-4834/2 of 2
Actlon Plan A 44), NUREC/CR-3226 and Analysis of lore
Unit 2, NUREG/CR-4550/Volume 4.
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5  Develop system models in order to guantify system failure
probabilities for use In quantification,

6. Use this information to reselve the gquestion of whether or not the
core coeling systems would fail after contalnment wventing or
failure.

These steps will be discussed in detall in the remainder of this section,

6.2 Desexiption of Steps io Core Vulnerable Sequence Resolution
6.2.1 Step 1: Define Core Vulnerable Sequences

Far the LaSalle PRA certain sequences in the Level 1 analysis were not
fnltially resolved (i e., whether or not the sequence proceeded to corve
damage was not known). These sequences are the sop called ‘core vulnerable'
sequences In which the core ix initially coolable but in which core damage
way occur later in the sequence if cooling systems fall in the severe
envirenment ¢reated by the accldent, In the LaSalle analysis, these
sequences arise either from accident sequences in which core cooling {is
available and contalnment heat removal has falled (TW) or in anticipated
transients without scram (ATWS) where the heat load is beyond the
capability of the containment heat removal systems, In either case, the
containment heats up and pressurizes. The reactor core iselation cuvoling
(RCIC) system will fail due to back pressure at around 277 MPa (40 psia),
and the low pressure systems will fail their function when the automatic
depressurization system (ADS) valves rveclose at about 689 MPa (100 psia),
If other high pressure systems are workiong, they will continue to operate
unless they also fail due to the severe environments after containment
venting or failure,

For these types of sequences (TW and ATWS), the emergency procedures direct
the operators to wvent the containment through 5.1 em (2*) lines in the
wetwell and drywell If and when the containment pressure exceeds 0,517 MPa
(60 paip). These two 5.1 cm lines can not remove sufflclent energy to
prevent further pressurization and the operator will be dirvected to vent
using the 0.66 m (?6") wetwell and/or drywell lines, The two 0.66 m lines
connect via a common O 46 m (18") line to the standby gas treatment system
(SGTS) which limit: the relief size. The 0.46 m line connects to the SCGTS
supply fans which have a short sectvion of ductwork and a rubber boot, both
of which are virtually certain to fail 4f a 0.66 m line is opened, This
will release the vented steam into the reactor building instead of to the
envirenment .

I[f venting did not ar cannot occur, then the contalument is assessed by the
experts to most likely fail when the pressure veaches the 1.41 MPa (190
psigl range. Depending on the containment fallure mode and location, steam
may be released inte the reactor building or teo the refueling floor. If
the release is to the refueling floor, no severe environments will be
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6) Drywell Rupture (DWR)
7) Drywell Head Leak (DWHL)
B) Drywell Head Ruprure (DWHR)

These modes were selected, firstly, because we needed to differentiate
between leaks and ruptures in order to know if the containment pressure
would drop to the point were low pressure systems could be used before core
damage occurred, Secondly, we had to differentiate based upon the location
in order to know if the failure would create a severe environment in the
reactor building or if the failure would be to the refueling floor which
would bypiss the reactor building and not affect the systems environments.
Finally, we had to differentiate effects on the source term of suppression
pool and secondary containment decontamination.

The overall Issue and results of this process for the NURECG-1150 plents are
described in Refetrence 1, For the LaSalle analysis, the results are
presented in Appendix €.  The mean fallure pressure was 191 psig. The
marginal failure probabllities for the individual modes (these are the
weighted average over all pressures, i.e., the sum of the conditional
probabilities at each pressure interval times the probability density of
fallure in that inverval), calculated from the results in Appendix C, are;

Tahle 6.1
Marginal Fallure Probabilities

WWLaW « 0 1094 WWRaW = 0.1111
WWLbW = 0.01586 WWiRbW = 0.0105
bRl = 0. 0746 DWR =~ 00,0858
DWHL =~ O, 5487 DWHR = 0.0442

ey m—— ——- S P A S e S-S

We use the marginals for the point estimate since the pressure will
continue to rise until containment fails for these sequences, As a result
of grouping the fallure modes, we can calculate various conditional
probabilities:

1. The conditional probability of a leak is 0. 7483 and a rupture is
0.2516.

2. Given a leak, the conditienal probability that it is to the
refueling floor Is 0,7333 and to the reactor building is 0.2667.

3. Given a rupture, the condivional probability that it Is te the
refueling floor 1s 00,1757 and to the reactor building 1s 0.8243.
6.2.3 Step 3: Evaluate the Reactor Building Environments

The MELCOR? code was used to perform the thermal-hydraulic analysis of the
efferts of containment fallure and blowdown from high pressure into the

L L e e e B e I A B e S i e




reactor building.? A detailed MELCOR model was constructed for the reactor
building using information from the plant drawings, the Final Safety
Analysis Report, and two volumetric and heat transfer models developed by
the architect/engineer for LaSalle (Sargent and Lundy) to perform steam
line break calculations. The reactor building was divided into 27 volumes
as shown In Figure 6.2. Since the main concorn is equipment survival in
the lower levels of the reactor building, more detailed noding was used in
these reglions. Sirgle volumes were used to model the steam tunnels,
refueling floor, and the unit 1 reactor building.

MELCOR was chosen to perform most of the thermal-hydraulic analyses for the
PRA because (1) it can be used to perform an integrated analysis that
considers reactor vessel, primary containment, and reactor building
response simultaneously;, (2) it is fast running; (3) it has flexible
control function capability for modeling flow paths; and, (4) it includes
the capability to address uncertainties in modeling parameters and
correlations. This detailed deck will also be used for special analyses of
reactor building response to hydrogen and carbon monoxide burns and for
fission product transport in the Level I11/111 analysis. The deck has also
been simplified and incorporated into another deck being used for
integrated calculations for the Level II/1I1 analysis.

6.2.3.1 Reactor Building Model Description

A detailed MELCOR model was constructed for the reactor building using
information from the plant drawings, the Final Safety Analysis Report
(FSAR) ,* and two computer models developed by the architect/engineer (AE)
for LaSalle, Sargent and Lundy, for use in design calculations. One of the
Sargent and Lundy models was used to calculate gas flow between rooms and
had detalled calculations of flow path areas and resistances. The other
model was used for rcom enviromment calculations after high energy line
breaks and had detailed calculations of room wvolumes and surface areas.
Neither model had estimates of equipment masses or surface areas, so these
wvere estimated based on the Level I location analysis that had identified
all the equipment in e.ch room of the reactor building.

1t is important to bhave sufficient nodalization to model the building
characteristics that determine the flow patterns for areas where important
egquipment is located., Also, adequate representation of doors and blowout
panels is necessary because the flow patterns can be greatly affected if
normally closed flow paths are opened during the severe transients. Slight
differences in opening pressure differentials can determine the exact
configuration of flow paths for the various scenarios analyzed.

The reactor building was therefore divided into 27 volumes as shown in

Figure 6.2. Since the mair concern is equipment survival in the lower
levels (floors) of the raactor building, more detailed nodalization is used
in these regions, The annulus (outside the primary containment on the

lower two levels), high pressure core spray (HPCS) and low pressure core
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MELCOR Nodalization for Reactor Buillding Model
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spray (LPCS) rooms are each divided into two volumes to represent the upper
and lower levels. The low pressure coolant injection (LPCl) rooms are
modeled with single volumes because the heating, ventilation, and air
conditioning system (HVAC) circulates between the upper and lower levels,
resulting in well-mixed regions. Levels 710', 740', 761', and 7B6.5' are
each divided into four quadrants to allow the main circulation paths to be
calculated. The East portions of levels 807' ana 820' are each divided
into two volumes and the more dead-ended regions av the West end of the two
levels are lumped into a single volume. Single volumes are used to model
the steam tunnel (including turbine cavity), refueling floor, and the unit
1 reactor building.

The flow paths in tne model are also shown in Figure 6.2. Normally, the
cornér rooms in the basement of the reactor building are fairly isolated
from the other regions, but circulation is increased if doors are blown
open during a severe transient. Unlike the basement where the levels are
suhdivided into rooms that restrict flow, at levels 710’ and above, the
floors are essentially wide open, Also, there are reasonably large flow
areas between the upper levels through stairways and an equipment hatch,
Initially, the reactor building is isolated from the refueling floor, but
paths can be opened if a door is blewn open or concrete slabs are lifte

from over the equipment hatch. The walls of the refueling floor level are
assumed to fail at 14 kPa (2 psig), opening a 7 m (23 ft) diameter hole to
the envircnment., The reactor building can also vent to the unit 1 reactor
building if pressure increases sufficiently to blow open the doors between
the two units. 1In addition, the reactor building can vent from the upper
level of the annhulus into the steam tunnel and into the turpine cavity if a
very small pressure differential is exceeded. A blowout panel in the
reactor building return air riser at the top of the steam tunnel is
included in the mwodel. All leakage/infiltration paths between the reactor
building and environment are lumped into flow paths at the 710 level.

Heat structures are iacluded in all reactor building volumes to model heat
transfer to walls, ceilings, floors, and equipment. Heat removal by the
room coolers in the basement corner rooms is also modeled., Flow of gases
through the standby gas treatment system was included in all runs; failure
because of the severe environment was not considered.

A simplified nodalization for the primary containment and reactor pressure
vessel (RPV) i{s used to provide blowdown sources to this detailed reactor
building model. The RPV is modeled by a single volume. and 3 volumec are
used for primary contaimnment. The containment gases are exhausted to the
reactor building at level 820' (volume 324) for cases examining venting,
and to level 740’ (volume 313) for cases exami. .ng containment failure,

6.2.3.2 Results of Analysis

Calculations were performed for venting the primary containment through an
18" diameter (.&4ém) line from the wetwell to the top of the reactor
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building and for 2 sizes of drywell breaks: 4" diameter (.10m) and 36"
diameter (. 91m). To examine modeling sensitivitles, 4 variations of the
venting calculation were run:

1) Five times the equipment mass

2) Twice the rated heat removal rate for the room coolers

3 Vent avea reduced in half (6.4 diameter)

4) Blowout panel on the refueling floor to the outside environment

The reactor building pressure for the 4" drywell break is shown in Flgure
6.3, The early pressurization opened one of the doors to unit 1 and the
door to the refueling fleoor, but the blowdown was not large enough to open
paths to the environment by efther failing the walls of the refurling floor
or opening the hlowout panel at the top of the steam tunnel. The
pressurization was relieved through leakage paths, the SGTS, and
condensation on structures. Since the flow was not being forced through
the steam tunnel, lirtle steam was drawn down into the emergency core
cooling systems (ECCS) rooms in the basement. The reactor bullding heatup
was relatively gradual as shown by the temperatures plotted In Figure 6.4
and listed in Table 6.7

The pressurization was higher for the 36" diameter drywell break
(equivalent te 7 sq ft), as shown in Figure 6.5. All doors and blowout
panels weve forced open excent for three of the doors between the annulus
and corper rooms in the basement. With the refueling floor walls failed,
most of the blowdown was carried upward through the reactor bullding rather
than being pushed down through the basement and out through the steam
tunnel. However, there was sufficient flow down into the basement rooms to
cause considerable heatup (i.e., final temperatures > 400K) as shown in
Figure 6.6 and Table 6.2,

For the 18" wetwell vent case, the steam entered mear the top of the
veactor building rather than near the bottom. The pressurization from the
blowdown opened 3 of the upper doors to unit 1, the door to the refueling
floor, and the steam ‘*unnel upper blowout panel, but the walls of the
refueling floor were not predicted to fail. Thus, for this case, the
majority of the steam was drawn down through the basement. then into the
steam tunnel and turbine cavity before exhausting to the environment, As a
result, relatively high tempervatures (i e. <370 -400K) were predicted in
the basement rooms as shown in Figure 6,7 and Table 6.2,

The variation of the 18" vent case with increased steel area was virtually
identical to the base case. Pressures and temperatures were only reduced
slightly. Using twice the rated heat vemoval for the rvom coolers alse had
negligible effect on the pressures and on the temperatures in all rooms
except those directly conpected to the room cooletrs, As seen in Table 6.3,
the peak and average temperatures in those rooms were rveduced on the ordar
of 5 - 10 K, For the case using half the blowdown vate, the peak pressure
was reduced by about 5 kPa (3/4 psig) at the top of the reactor building
and decreased back to atmospheric pressure at about twice the rate of the
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Table 6.2
Base Cases' Temperatures (K)

36" Rupture

4" Leak 18" Vent
Vo lume Peak Average Peak  Average Peak Average
301 309 309 310 305 320 305
302 309 305 390 390 415 415
303 320 315 375 380 355 345
304 33¢ 128 395 390 380 375
305 309 309 315 308 325 308
306 313 310 390 190 420 420
307 305 297 400 390 373 373
308 365 365 419 390 430 415
309 40% 400 420 3% 430 415
310 365 365 395 390 430 41%
311 395 390 390 390 430 415
313 435 479 410 395 435 410
37 420 415 410 395 415 410
321 400 390 410 395 410 410
324 345 340 415 395 410 410
325 390 390 420 395 400 400
331 305 299 390 390 420 420

| -
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Table 6.3
Sensitivity Cases' Temperatures (K)

5 % 2 * Rated Fan .5 * Vent Refuel Floor
Steel Mass Cooler Q Area Elowout

me Peak Avg Peak Avg Peak Avg Peak Avg
301 310 305 310 305 310 305 310 305
302 390 390 390 390 385 385 385 385
3013 375 375 370 370 358 355 370 370
304 395 395 380 380 375 375 390 390
305 310 310 310 300 310 310 310 310
306 385 385 380 380 380 380 360 360
07 400 395 390 385 310 300 310 300
308 420 390 415 395 350 350 395  39%
309 420 390 420 3895 390 390 410 395
310 390 390 395 395 380 380 375 375
311 385 385 385 385 380 380 365 365
315 415 395 415 400 400 400 405 400
317 410 345 410 400 415 500 400 400
321 410 395 410 400 415 400 400 400
324 420 395 415  4no 4l% 400 415 400
325 425 395 420 400 425 400 420 400
331 385 385 385 3185 310 300 310 300

1
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base case. The smaller blowdown caused a wuch slower heatup of most of the
reactor building, but by the end of the run, the temperatures were
approaching the same level as in the base case. The LPCI room response
varied more from the base case than the other rooms had because the doors
did not blow open, giving a more restricted path into the room, and
therefore, the temperatures remained nominal. In the final sensitivity
case, the assumed blowout panel from the refueling floor to the envirenment
opened almost immediately. This additional opening relieved the pressure
more quickly than in the base case, resulting in about a 5 kPa (3/4 psig)
reduction in peak pressure and a more rapid return to atmospheric pressure.
About 273 of the steam weént out through the refueling floor level, reduclug
the amount of steam being drawn down to lower levels and out the steam
tunnel. Therefore, the response in the lower portions of the bullding
resenbled the response for the case with reduced vent flow area. However
the venting of steam through the refueling floor opening resulted in a
change in the flow patterns such that flow was mainly directed down through
the hateh with less circulation around eacls level. This can be observed by
examining the room temperatures in Table 6.3,

65.2.3.3 Model Limitations

Since this is one of many analyses being performed as part of the PRA and
due to limited resources, complete sensitivity calculations covering all
possible variations in physical parameter estimates, code thermal-hydraulic
models, initial conditions, and reactor building models cannot be evaluated
explicitly. For the PRA, the impact of these uncertainties must be
estimated so the uncertainty can be represented in the final result, Some
of the dominant modeling uncertainties are discussed below.

1. We did not model the leakage path from the steam tunnel to the
turbine building wvia the turbine cavity underneath the main
turbine. Initially, this volume was believed to be isolated, but
later information showed that there were various paths by which
steam could reach the turbine building. All of these paths have
fairly large flow resistances and we judge that the total flow
will be small if any other path is open. However, for leaks, some
portion of the flow would be drawn down inte the annulus and out
the steam tunnel. The information to wodel this is not available
and would be wvery difficult to either calculate or estimate,
Sensitivity 1 & or engineering judgement could be used to assess
the lmpact on uncertainties, The steam tunnel volume was doubled
to account for the cavity wolume but this was later found to be
too low. The turbine cavity is actually about 35,000 m*, For
leaks, this will drav hot steam down into the lower regions of the
reactor building but should not result in significant additional
heatup of the corner rooms. For venting and ruptures, the dominant
flow paths will not change and, therefore, the environments in the
reactor building should not be substantially affected.

6-16
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Z. At the time these calculatiors were performed, the drywell was
predicted to fail at 12.9 bar (160 psig). More recent analyses by
the NUREG-1150 expert revisw group, as described in appendix C,
predicted primary contairment failure to occur in the wetwell and
at & pressure ol 1.41 MPa (190 pseig). This difference will ot
significantly affect expected flow patterns in the reactor
building and the resultant threat tc¢ equipment.

3. If the doors between the Unit 2 and Uanit 1 reactor buildings blow
out in more than 1 location, a flow path can form where steam
flows from one location in Unit 2, through Unit 1, and back into a
second location in Unit 2. Unit 1 is only modeled as « single
volume, so any flow entering it is instantaneously mixed with the
entire Unit 1 volume, rather than just mirxing in a local region.
This simplification affects the results, but it is probably less
Influential than other wrcertainties in the problem.

4. The results are probably most sensitive to the setpoints of
blowout panels and doors. As was discussed in the Results
section, the status of these paths pgreatly affects temperaturcs
within the various regions of the recctor building. The actual
load the doors could withstand is unknow:; we estimated values
that seemed reasonable.

6.2.3.4 Conclusions

Boecause of the level of detail of the model, we were able to examine
detalls of reactor building flow patterns that have not previously been
examined. This level of detail reduced the uncertainty in a number of
variables iIncluded in the model that could affect the results of the
calculations (e.g. volumss, surface areas, flow path characteristics, and
the effects of room cooling) and, therefore, the assessment of equipment
survivability. The reduction in the number of uncertain parameters and the
experience gaired by varying scme of them enables us to better use our
engineering judgement to estimate the effects of the vemaining parameters.

For all of the cases examined, the upper regions of the reactor building
were relatively well mixed. For the 4" drywell leak case, the blowout
panel in rhe steam tunnel did not open, so the basement rooms were buffered
from the blowdown and remained relatively coel. For the 18" ve.t case, the
steam tunnel blowout panel opened, but the walls of the refueling floor did
not fail. As a result, steam was drawn down into the basement trooms,
piving higher temperatures, For the 36" rupture case, the steam tumnel
blowout panel was opened and the walls of the refueling floor failed,
Although this allowed some of the steam to flow up through the reactor
building, a substantial amount was still drawn down into the basement
rooms, resulting in relatively high temperatures. Sensitivity calculations
for the 18" vent case showed that heat transfer uncertainties were much
less significant than uncertainties regarding possible flow path
configurations,
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6.2 4 Step 4; Evaluate Equipment Failure Probabilities.

The Expert Elicitatior Panel for the NUREG.1150 Level 1 {ssues was supplied
with the results of the abeve severe environment calculations for LaSalle
and with a list of the types of equipment that appeared in the ieactor
building and their qualification characteristics. The experts were asked
tu assess the fallure probability of the different categories of equipment
in the various environments. The experts based their evaluation upon thelir
knowledge of test and qualification procedures and results. The results of
thelr anslysis are reported in Reference 5.  The actual distributions used
in the Latin Hypercube® sample are reported in the LHS input file in
Appendix D of Volume 2?2 of this report. However, we note here that fno
conditional failure probabilities were in the 0.1 to 1.0 range with wide
distributions.

Av an example, we use the control rod drive (CRD) system and its support
systems in the case of a leak from the containment to the reactor building.
From the expert elicivation, the values for the failure probabilities in
severe envirenments for the CRD and reactor bullding closed cooling water
(RBOCW)  puomps and control cirveuits, the heating ventilation, and ajr-
conditioning (HVAG) systewm fan and lts control ci. ult for the CRD room,
spurlous operation of a motor operated valve in the service warer system
{§W), and a 480 VAC motor contrel center are given in Table 6. 4.

Table £.5 contains the list of equipment evaluated, rough estimates of
environmental qualification, their locations, the expert case used, and the
median probability of failure to pgive a sample estimate for containment
leaks, ruptures, and venting.  Table 6 6 contains a summary of all the
difterent cases evaluated for each component examined in Table 6.5 and
Table 6.7 gives a summary list of the environments examined. 1In all the
tables the tollowing abbreviations oceur: S0 = spurious operation, SH =
short to ground, FTR ~ fail to run, QT = qualification temperature, 1 and
10 = 1 or 10 heur exposure

6.2.5 Step 5: Construct Simplified System Models.

For each system, the original fault tree models were examined and all
equipment {n the rveactor ballding was identified. For each train, the
components which had the highest fallure prebabilities in the environments
te which they were subject were selected to represent trafn failure. The
full system models could have been guantified since sufficient information
was avallable; but, insufticient respurces were avallable for full
quantification, the probabilities were high and exact probabilicy
caleulations would need to be done to get accurate answers, and the current
level quality of the envirommental, thermal-hydraulic, and expert judgement
on containment failure and envirenmental faillure analyses does not rveally
Justify that level of effort Therefore, slmple Boolean models were then
constructed for the systems. Failure probabilitirxz for the components were
selected from the expert judgement results, and the system failure
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Table 6. 5a
Quantification for leaks:

o = B = e g BR R Ly B Iy g S P e = e R U ——_—

Types of components and environments:

1) CRD pumps FTR 10 hr, qual - 310 F?, envir - nominal temp ( 312 )

2 RBCCW pumps FTR 10 hr, gqual - 310 F?, envir - 250 F ( 3D )

1)  Fan motors FTR 10 hr, qual - 355 F 100% hum, envir - nominal temp (

312.)

4 MOV motors FTR 10 hr, gqual - 310 F?, envir - 260 F ( 3G-1 ) => prob
100 F If leak in wetwell, nominal temp ( 3H1 or 311 ), 280 F ( 3E ).

5)  CRD pump CC FTO 10 hr, qual -« 185 F?, envir - nominal temp ( 312 )

6) RBOCW pump CC FTO 10 hr, qual - 185 F?, envir -« 250 F ( 3D )

7)  Fan GC FTO 10 hr, qual - 185 F 9%5% hum, enviv - ( 312,3H2 ) nominal
temp tor leaks on 3F-1 from drywell but would be more severe in 3H2
for leaks from the wetwell only one floor above ( 200-300 F
depending on lecation of leak, use 240 F ). Average the two with a

OB/ 42 split from expert mode probabilities.

B) Valve €C S0 10 hr, qual - 185% F?7, envir - 300 F ( 3G<1 and 3F-1 ),
nominal temp ( 311, 3H1 j, 280 F (3E ), see #/ above use 240 F * 42

+ 100 F o+ 58 ( 3N2),

9) MCC SH 10 br, qual - 340 F lhr then 320 F lhr then 160 F 100 days

95% hum, envir ~ 250 F ( 3D 3, 300 F ( 3G-1 ).
10) ADS valves FTO 10 hr, qual - 350 F, envi: - 60 psig, 308 F (3J)).
L1) ADS valves FTO 10 hr, qual - 350 F, envir - 195 psig, 386 F (3J).

12) HPCS pump FTR 10 hr, qual 310 F, nominal temp (312).
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Teble 6.5a (Concluded)
Quantification for Leaks:

From the expert
Event

CRDP1FIR-SUR-E?
CRDP1CC-SUR-E?
PSW175CC-SUR-E?

SWVY02CC-SUR-E?

SWVYOZLF-SUR-E
2WRP1FTR-SUR-E?
2WRP1CC-SUR-E?
2WRMCCL-SUR-E?
HPCSPFTR-SUR-E?
HPCSO1SP-SUR-E?
HPCS238P-SUR-E?
HPCSO4SP-SUR-E?

elicitation, median values are:

Value Location

= 0 312

w O 312

= 7442%(1« 3F-1,3G-1
4600)= 4168

- 5517 312,3HK2

- 0 312

- 2510 3D

- ,7976 ap

= 7015 3D

=0 312

=() 311

={) 3H1

= 6950%(]- 3E
.3035)=.4841

4 0 + 4168 + ,5517 + 0 + ,2510 + .7976 + .7016

Quan Ref

FTR10, nominal
FT010, nominal

$010, QT+115 * /FTR10

QT15

FT010, .58 * QT-75 +
42 * QT+50 - 58 *
3736 + 42 x 7976

FTR10, nominal
FTR10, QT-60
FTO10, QT+80
SH10, QT+100
FTR10, nominal
S010, nominal
S010, nominal

§010, QT+100 * /FTR10

QT-35

S§010, (.58 * QT-75

+ .42 * QT+50) * /
FTR10QT-210 = ( O *
58 # .42 * 5381 ) +

1 =~ 2260
SH10, QT+150
FT010, QT+50%*18

HPCS155P-SUR-E? =, 2260 3H1,3H2,311
MC1E35Y2A-SUR-E?=, 7015 3G-1
ADS18VAL-SUR-E? = 0171 3
LEAKTRB - 2667
Therefore:
CRD1L = O
= ,9RR2
HPCS = .5517 + 0 + 0 + 0 + 0 + 4841 + 2260
= _B210
ADS = 0171
LPCI = 7015
LPCS = 7015
LPCI * LPCS =« .7015
HPCS * CRD] =

E'?

.2510 + 7978 + .7015 )

- 8139

where sums were combined using P(A + B) =« P(A) + P(B) - P(AB).

5517 + 0+ ( O+ 0 4+ 0+ 4841 + ,2260 ) * ( 0 + 0 + .4168
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Table 6. 5b
Quantification for Ruptures:

Types of components and environments

1)
)

)

5)

6)

1)

8)

9]

CRD pumps FIw 10 hr, gual - 310 F?, envir - nominal temp ( 312 )
RBCCW pumps FTR 10 hr, qual - 310 ¥?, envir - 280 F ( 3D )

Fan motors FIR 10 hr, qual - 355 F 100% hum, envir - nominal temp (
312 )

MOV motors FTR 10 hr, qual - 310 F?, envir - 230 F ( 3G-1 ) => prob
280 F if rupture in wetwell, 290 F ¢ 3H1 ), o ainal € 311 ), 280 F (
3E ).

CRD pump CC FTO 10 hr, qual - 185 F?, envir - nominal temp ( 312 )
RBCCW pump GC FTO 10 hr, qual - 185 F?, envir - 280 F ( 3D )

Fan CC FTO 10 hr, qual - 185 F 95% hum, env v - nominal ( 312 ), 300
F ( 32 ) for rupture on 3F-1 from drywell would be the same in 3H2

for ruptures from the wetwell only one floor above.

Valve GC 80 10 hr, qual - 185 F?7, envir - 285 F ( 3G-1 and 3F-1 ),
nominal temp ¢ 311 ), 290 F ( 3Hl ), 280 F (3E ), 300 F ( 3H2).

MCC 8H 10 hr, qual - 340 F lhr then 320 F lhr ther 160 F 100 days
95% hum, envir - 280 F ( 3D ), 280 F { 3G-1 ).

10) ADS valves FTO 10 hr, qual - 350 F, envir - 60 psig, 308 F (3J).

11) ADS valves FTO 10 hr, quul - 50 F, envir - 195 psig, 386 F (3J).

12) HPCS pump FTR 10 hr, qual - 310 F, nominal temp (312).
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Table 6.5b (Concluded)
Quantification for Ruptures:

From the expert
Event

CRDP1FTR-SUR-E?
CRDP1CC-SUR-E?
PSW175CC-SUR-E?

SWVY0/CC-SUR-E?
SWVYO2LF-SUR-E
ZWRF1FTR-SUR-E?
ZWRPLCC-SUR-EY
2WRMCC1 -SUR-E?
HPCSPFTR-SUR-E?
HPCSO13P-SUR-E?
HPCS238P-SUR-E?

HPCSO4SP-SUR-E?

HPCS158P-SUR-E?

elicitation, median values are:

Value Location
= Q 312
= 0 312

. 5659%(1- 3F-1,3G-1
.2619)=. 4177

- 6898 312,3u2
- 0 312
- 2619 3D
- 6898 D
- 6220 D
=( 312
-0 31

-, 5659%(1-  3H1
L3001 )=. 3961

.5659*(1.  3E

. 3001)=, 3961

,5659%(1-  3H1, 3H2, 311
3001 )=, 3961

MCIE35Y2A-STR-E?7=_ 6220 3G-1
ADS18VAL-SUR E? =.00125 3J
RUFTURETRB - 8243
Therefore:
CRD1 = 0.+ 0+ 4177 + 6898 + 0 +
- 9844
HPCS = 6898 + 0 + O + 0 + .3961 +
- 9317
HPCS * CRD1 = 6898 + 0 « ( 0 +
6220 ) * { 0+ 0 L3961
- . B7174
LPCT = 6220
LPCS = ,6220
LPCT * LPCS = 6220
ADS = 00125

where sums were ccmbined using P(A + B) ~ P(A) + P(B) - P(AB).

Quan Ref

FTR1, nominal
FTOl, nominal
501, QT+100 =
/FTRIQT+35
FTO1, QT+115
FTR1, nominal
FTR1, QT-35
FI0l, QT+100
SH1, QT+125
FTR1, nominal
§01, nominal
S01, QT+100 =
JFTRIQT-10
501, QT+100
/FTRIQT-10
S01, QT+100 =
/FTR1QT-10
SH1, QT+150
FTO1, QT+50%%]18

.261% + 6898 +

L3961 + 3961

0+ 4177 + .2619 + .6B98 +
+

3961 + L3961 )
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Table 6. 5¢
Quantificetion for Venting:

Types of components and environments:

1)
2)

3)

3}
6)

7)

8)

9)

CRD pumps FTR 10 hr, qual - 310 F?,  envir - nominal temp ( 312 )
RBCCW pumps FTR 10 hr, qual - 310 ¥?7, envir - 250 F ( 3D )

Fan motors FTR 10 hr, qual - 355 F 100% hum, envir - nominal temp (
312 )

MOV motors FTR 10 hr, qual - 31 F?, envir - 240 F ( 3G-1 ), nominal
temp ( 311 ), 240 F ( 311 ), 250 F ( 3E ).

CRD pump CC FTO 10 hr, qual - 185 F?, envir - nominal temp ( 312 )
RBOCW pump CC FTO 10 hr, qual - 185 F?, envir - 250 F ( 3D )

Fan CC FTO 10 hr, gqual - 185 F 95% hum, envir - nominal ( 312 ), 240
F ¢ 312 ).

Valve CC SO 10 hr, qual - 185 F?, envir - 250 F ( 3G-1 and 3F-1 ),
nowinal temp ( 311), 240 F ( 3Hl ), 250 F (3E€ ), 240 F ( 3H2),

MCC SH 10 hr, qual - 340 F lhr then 320 F lhr then 160 F 100 days
95% hum, envir - 250 F ( 3D ), 240 F ( 3G-1 ).

10) ADS vaives FTO 10 hr, qual - 350 F, envir - 60 psig, 308 F (3J).

11) ADS valves FTO 10 hr, qual - 350 F, envir - 195 psig, 386 F (3J),

12) HPCS pump FTR 10 hr, qual - 310 F, nominal temp (312).
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Table 6.7
Final Collapsed List of Severe Envirvornments:

Name Rescription Where Found

El - §01, QT+100 NEW STUFF S01 #5

K2 - $010, QT-75 NA IDENTICALLY ZERO

E3 = 8010, QT+50 NEW STUFF S010 #1%

B4 - 5010, QT+75 NEW STUFF $010 #i

ES =« §010, QT+100 NEW STUFF 8010 w5

66 - §010, QT41.s NEW STUFF S010 w6 (4125)
B/ - SH1, QT+12% NEW STUFF SH1 #6

(] - SH1, QT.150 NEW STUFF SH1 w7

Ko ~ SH10, QT+75 NEW STUFF SH10 #4

E10 = SH10, QT+100 NEW STUFF SH10 #5

Ell = 8H10, QT+150 NEW STUFF SH10 #7

k12 « FIR1, QT-35 NEW STUFF FTR1 w4

E13 « FIR1, QT-10 NEW STUFF FTR1 #5

Eld4 = FTR1, QT+35 NEW STUFF FTR1 #7 (+40)
(AL =~ FTR10, QT-210 NA IDENTICALLY ZERO
P = PTR10, QT-60 NEW STUFF FIRI0 #3

bil « FIR10, QT-35 NEW STUFF FTR10 #4

Eifl « FPIR1I0, QT+15 NEW STUFF FTRIO #6

E19 - FrOl, QT+50 NEW STUFF FTO1 #9

E20 « FT01, QT+100 NEW STUFF FTO1 w9 (+50)
£21 « FTO1, QT+11% NEW STUFF FTOl %9 (+50)
E22 - FT010, QT-75 NEW STUFF FTO10 #4

E23 = F1010, QT+50 NEW STUFF FTOL0 #9

E24 = FT010, QT+80 NEW STUFF FTO1G #9 (450)
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Table 6.8
Systew Models

ADS System

The ADS system has only its main valves and their solenoid valves in the
primary contaimeent. All other components which are necessary ior manual
operation are in the auxiliary building and not subject to harsh
environments, There is & nitrogen hottle sta lon also In the auxiliary
bullding so indefinite operation can be sustained.

The followirg simplified equation is therefore adequate to represent ADS
fallure {in harsh environments:

ADS-SUR = ADSIBVAL-SUR-E?.

That 1s; all 18 SRVs must fail in order to fail ADS. This must be
evaluated for venting at 60 psilg or containment fallure at about 195 psig.

B s e TONIE L U ——
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Table 6. 8 (Continved)
Sysutem Models

Cl System

The vomponents In the condensate system are located throughout the turbine
bullding.  Even Il the steam pets into the turbine bullding, for this
uystem Lo be operating the building HVAC will 1ikely be working since all
power will be avallable. The expected envivernments for the lower levels
Inte which outalde alr ts being forced, should be mild,  Therefore, only
randum fallure is expected. However, since PCS has falled, makoup from the
CRT ds needed for continued operation. The limiting rendom failure is
falture of 1A supply to the makeup valves. By examining the system cut
sets this rand  C (lure {8 6 9E-2. VFallure of any compressor will result
i pufflelent g stg ton te close the valve,  Because of the long
time before ¢ owve Hfas - e o, the spare can be casily started. This
means  that th bedee o o eility fs dominated by operator fallute to
maintatn conitine @ o v Yoere are several single random fallures in
the low 1E-3% range thon more bu the 5E-5 range. Therefore, ODS fallure can
be trente? as rawdom and we will use apervator fallure to he the dominant
fallure:

ODS-FAIL = OPERFODSIV = 2 1803, Log-normal , E¥=10, Group 2 action.
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Table 6.8 (Continued)
System Models
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CRD System

If the CRD system is already running then the following equation represents
the dominant system fallures:

CRDZR-SUR = { CRDPIFIR-SUR-E? 4 CRDP1CC-SUR-E? ) # (
CRDPIFIS -SUR-E? 4 CRDPIFTR-SUR<E? + CRDP2CC-SUR-E? )
t PSW17SCC-SUR-E? * /PSW17S5LF-SUR-E? 4
SWVYOZCC-SUR-E? + SWVYO2LF-SUR-E? + ( 2WRPIFTR-SUR-E?
+ JWRPLCC-SUR-E? + 2WRPICB-SUR-E? + 1EJGXBMCC-SUR-E?
4 1ET3AXBIR-SUR-E? + 1EB234BBK-SUR-E? ) # (
LE2I3TXTR-SUR-E? + 1EB233ABK-SUR-E? ¢ 2WRP2FTS-SUR-E?
+ ZWRPZFTR-SUR-K? ¢ 2WRP2CC-SUR-E? ).

The equation we used to approximate the system probability for all cut sets
where at least one train of CRD {s working was:

For Lesks:®

CRDIR-SUR = ( CROPIFTR-SUR-E? + CRODPICC-SUR-E? + PSW175CC-SUR-E?
+ SWVYO2CC-SUR-E? 4 SWVYOZLF-SUR-E + 2WRPIFTR-SUR-E?
¢ JWRPICC-SUR-E? 4 2WRMCCL-SUR-E? ) % LEAKTRE.

For Ruptures:

CRDIN-SUR = ( CRDPIFTR-SUR-E? + CRDP1CC.SUR-E? 4 PSW175CC-SUR-E?
+ SWVYOLCC-SUR-E? + SWVYO2LF-SUR-E + 2WRPIFIR-GUR.EY
+ 2WRPLCC-SUR-E? + 2WRMCC1-SUR-E? ) * RUPTURETRE.

For Venting:

CRDIR-SUR = CRDP1FTR-SUR-E? ¢ CRDPICC-SUR-E? + PSW175CC-SUR<E?
+ SWVYO2CC-SUR-E? 4+ SWVYOZLF-SUR-E + 2WRP1FTR-SUR-E?
+ 2WRPICC-SUR-E? + 2WRMCC1-SUR-E?.

The only components in the reactor building needed to operate in this mode
(one pump minimum flow at > x hrs) are the pumps and their contrel
cireuits, the wervice water supply MOV wiich could spuriously close, the
room cooling fan contrel circuit, the RBCCW pumps and their control
clreuits, and the electrical power support through an MCC, transformer, and
circuit breaker ( the transformer and circuit breaker are in the MCC ). All
other components are: (1) in the auxiliary or DG building and not subject
to harsh environments, (2) in the main turbine bullding area where some
mild environmental changes are expected, or (3) in the HFCS room { 5D2 )
which is liselated from any harsh envivonment. The CRD pumps are in 312,
the CRD contrel cireuits are in 312, the fan control circuits are in 3H1
and 32, the service water valve js in 3G-1 with CC in 3G-1 and 3F-1, the
RBCCW pumps and MCC electrical support are in 1D,
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Table 6.8 (Contiriued)
System Models

R L S

Flrewater System

This system Is in the turbine bullding and will be dominated by operator
fallure to start, Success is unlikely unless started before containment
failure since some steam will be in the turbine bullding after containment
failure. There are no active valves or other support systems needed; so
fatlure is dominated by operator fallure to align. The following equation
can be used te quantify DDIW!

DOFW.FAILS « OPERFODIW = 0,12, log-normal, EF=7.8, Group 10 action,
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Table 6.8 (Continued)
System Models
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LPCI Systew

The LPCL system is a three train system in which two trains are in the same
roor Since the rooms are normally is-lated except in the rupture case,
the most susceptible components are the room HVAC power supplies on the
10° level of the reacter building (even in the case of a rupture, these
are still the wost limiting). The system fallure can therefore be
represented by the following equation:

LPCI-SUR = MOCLEISYZA-SUR-E? * MOCIE36Y1B-SUR-EY.

The twe MCCs are identical and can be sald to be -ompletely correlated,
The envivonment they see will also be the same. As a result, we
approximated the system failure by using only ene of the MCCs and sald that
the second falled if the first falled. For wost of the dorinant cases this
was also reasonable since only one of the trains was operating due to
partial less of AC power or random fallure of the other train, The MCC
used ig the sawe MCC that powers LPCS.

For Leaks:

LPCI-BUR = MCCLEJISY2A-SUR-EY % LEAKTRE,

For Ruptures:

LPCI-SUR = MOCIE3ISYZA-SUR«E? * RUPTURETRB.

For venting:

LPCI«SUR = MCCIEISYZ2A-SUR-E7,

For failure due to valve oycling only!

LPCT-SUR = LPCIC
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Table 6.8 (Continued)
System Models

LPCS Systen !

Since the LPCS system (s & single train system, it can be represented by
the following eguation: |

LPCS-SUR = NEHVACF-SUR-E?7 + NEHVACFCC-SUR-E? + NEHVACBR-SUR-E? +
LPCSO1SP-SUR-E? + LPCS128P-SUR-E?7 + LPCSPFTR-SUR-E7? +
LPCSPCC-SUR-E? + LPCSOSFTO-5UR-E? + CSCS35SP-SUR-E7 +
MCC1E35Y2A-SUR-E? + CSCSBR-SUR-E? + LPCSN413-SUR-E?. )

However, the LPC] and LPCS systems limiting components are the MCCs on the !
710" level in the reactor building and these systems can be approximated by :
only one term (we used the common MCC for LPCS and train A of LPCI, see :
discussion under LPCI): i

|
I B ,
[

For Leaks: 1
LPOS-SUR = MOCCIEJSY2A-SUR-E? * LEAKTRB,
For Ruptures:

LPCS<SUR » MCCLE3SY2A-SUR-E? * RUPTURETRSB.

e —— e

For Venting: i

LPCS-SUR = MCCIE35Y2A-SUR-ET,
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E
1 Table & 9b
i Basic Event Name of Survival Quer “ien
[ for Containment Venting Sequen s
E
Basic Event Newe Equipmeut Avallable

|
1 SUR-001-V CRD1 + ADS # (DDFW + CDS)

SUR-002 -V CRD1 + ADS # (DDFW + CDS + LPCD)
i SUR-003.v CRD1 + ADS + (DDFW + CDS + LPCS)
| SUR 004 -V CRD1 + ADS * (DDFW 4 CDS + LPCI + LPCS)
E SUR-D0%.V HPPCS « ADS * (DDFW + CDS)
\ SUR- 006V HPCS 4 ADS * DDFW
5 SUR-007-Y HPCS # DDFW
1 SUR 008 -V HPCS + DDIW + CDS
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Table 6, 9¢

Basic Event Name of Survival Question
for Containment Rupture Sequences

SUR<001-R CRD1 + LPCS + DDFW

SUR-002-R LPCS + DDFW

SUR-003-R CRD1 + LPCI + DDFVW

SUR-004-R CRD1 + LPCI + LPCS + DDFVW
SUR-005-R LPCI 4 DDFW

SUR-006-R LPCT + LPCS + DDFW

SUR-007-R CRD1 + CDS + LPCI + DDFVW
SUR-008-R CRD1 + CDS + LPCS + DDFW
SUR-009-R CRD1 + CDS + LPCS + LPCS + DDFW
SUR-010-R CDS + DDFW

SUR-011-R CDS + LPCI « DDFY

SUR-012-R CDS + LPCS + DDFW

SUR-013-R CDS + LPC1 + LPCS + DDFW
SUR-014-R CRD1 4 ADS * (DDFW ¢ CDS)
SUR-015-R CRD1 + ADS * (DDFW + CD§ + LPCI1)
SUR-016-R CRD]1 4 ADS * (DDFW 4 CD§ + LPCS)
SUR-017-R CRD1 + ADS * (DDFW # CDS 4 LPC1  LPCS)
SUR-018-R CRD1 + ADS * (DDFW + LPCI + LPCS)
SUR-019-R CRD1 + ADS * (DDFW 4+ LPCI)
SUR-020-R CRD1 ¢ ADS * (DDFW + LPCS)
SUR-021-R HPCS + CRD1 + ADS * (DDFW + CDS’®
SUR-D22-R HPCS + CRD1 4 ADS * DDFW
SUR-023-R HPCS + ADS * (DDFW 4 CDS§)
SUR-024-R HPCS + ADS * DDFW

SUR-025-R HPCS + CRD1 + DDFW

SUR-026-R HPCS + CRD1 + CDS + DDFW
SUR-027-R HPCS + DDFW

SUR-028-R HPCS + DDFW + CDS

SUR-029-R CRD1 + CDS 4 DDFW






I Table 6. .0a
Failure Equations for Survival Events for Leaks

. 4 4 . e et =

SUR-001-L = CRDl =  9HB2 * 2667 -« 2636

SUR-002-L = HPCS = 8210 * 2667 - .2170

SUR-003-L = HPCS * CRD1 ~ . 8134 * 2667 « .2171

SUR-004-L = CD§ =« 2,1E-3 * 2667 = 5 6E-4

SUR-005-1L = HPCS * CRDL % CD§ = .2171 % 2. 1E-3 = &4 559E-4

SUR-006-L = HPCS » CDS = 2190 # 2 1E-3 » 4 S599E-4 ‘
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Table 6 10b
Failure fquations for Survival Events for Ruptures
SUR-O01-R = CRD1 # LPCS % DDFW = 9844 & 8243 %, 6220 » 12
- D65]
SUR-003-R - = CRD] % LPCT * DDFW « 065)
SUR-O04-R = CRDI * LPCT & LPCS & DDAV = 065])
SUR-007 R = CRDI * (DS * LPC1 « DOFW » 9844 & 6220  _B243 #
ZOIE<Y = 1.0564K-3
SUR-000 R = CRDI % CDS * LPCI * DDFW = 1 054E-3
SUR-DOY.E = CRD1 % GBS * LPCI # LPCS « DDIV « 1, 05E-3
SUR-010-R = CDS # DDIW = 2.1E-3 * 8743 = 1.718E-3
GUR 014-R = CRDL % [ ADS + CDS « DDFV ) = 9844 * 8243 »
( 00125 4 2 1E:3 ) = 2. 73%E-3
SUR-DISR = CRD1 % ( ADS & CDS * DDFW # LPCL ) = 9844 % 8243
¥ { 00125 ¢ 2.1E-3 % 220 ) = 2,lh78‘3
SUR-0O16-R w CRD1 * ( ADE 4« CDS » DDFW * LPCS ) = 2. 147E-3
SUR O17-B = CRDY #* ( *"4 4 CBS * DDIW + LPCS * LPCL )
w 3 1GTE-3
SUR-0O18-R = CRD1 * ( ADS + DDFW % LPCT * LPCE ) = 9844 * B24)
(00125 ¢ 12 % 6270 ) = 6 24bE-?
SUR-019-R « GRDY * ( ADS » DDIW # LPCL ) = 6, 246E-2
SUR-O20-R =« URD]L % ( ADS + DDFW # LPUS ) = 6, Z246E-2
SUR-021 R - HPCE * CRD1 % ( ADS + DDFW * CDS ) = _A774 % B243
* (00125 & 2 TE-3 ) = 2 34280
BUR-022-R = HPCE % ORDL % ( o408 « DDFW ) = BY74 & 8243 » (

b
A012% 4 12 ) =~ B.7B4E-2
SUR-023-R = HPCS % ( ADS # DDFW % CDS ) = 9917 + _B243 » (
A0125 4 2.1E-3 ) = 5. 856K 3
SUR-026-R = HPCS * ( ADS 4 DDFW ) = 9317 & 243 % ( 00125
+ 12 ) = 9. 369E.2
| SUR-025-R = HPCS # CRD] * DDFW = 9317 & OB44 # .B243 * .12

- §.979E-2
SUR-026-R = MPCS ® CRDL + DUDFW # CDS = 9317 & 0844 + B243 #
2.1E-3 ~ 1 SB1E-4
GUR-0OZ7-R = HPCS % DD W » 9117 & B243 % 12 « 9. 174E2
SUR-OZE-R = HPCUS * DDFW + CDS = 9317 # 8243 & 2 1E-3
- 1.620E-4
SUR-0D29.R = CRDL * QNS # DDFW = 9844 % B24% * 2 1E-3
= | . 6GYBE-4

642
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cut sets, while correct in themselves, double count some of the frequency
contribution because they not not completely independent. Due to the
complexity c¢f the interactions between the snezk circuit and the system
isolation on room temperature for various AC power states, it was not
possible 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 i{f the operator reopens the valve can the
room temperature isolation come in to play. If the operator reopens the
valve in both cases, then RCIC can continue to work,

The next set of seven cut sets, responsible for 10.3% of the core damage
frequency, consists of train A AC or DC power failure and common mode
failure of the CS5CS cooling water pumps. The cooling water failure results
n the failure of all ECCS systems including RCIC (since train B AC is
working, RCIC will isolate on high room temperature), the train A DG (train
B may start and fail but train B AC is still available from offsite), and
the CRD system whose pumps are in the HPCS room. Mai., feedwater fails when
the main steam isolation valves (MSIVs) drift closed on loss of instrument
alr and the motor-driven pump injection \slwe fails closed or a turbine
punp locks up on loss of DC power resuluving in high RPV level, MSIV
isolation, and main feedwater high level trip.

‘.3 lmportance Analvsis Results
7.3.1 Risk Reduction

The risk reduction measure calculates the decrease in the core damage
frequency when a single basic event‘s probability is set to zero. The
implication is that the component or event represented by this basic event
can not fall or occur. This measure tells you how much risk reduction you
could gain by making a component perfect versus leaving it at its current
reliability.

Risk reduction measures are calculated both for basic event and for
initiating events. Risk reductions for each individual sequence and the
integrated result are presented in the TEMAC outputs shown in Appendix A.
In this section, we will discuss only the integrated results which are
shown in Table 7.3,

One important item 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 fallure probability can actually result in an increase in
risk not a decrease. These events appear at the bottom of the risk

reduction list, so you must not look just at the top events in the list.

The importance of this is much more obvious if one looks at individual
sequences then for the integrated results. In some sequences only an event
or its complement shows up, for example, sequences TI8 and T22. Sequence
Tl1€ has the event CONT-LEAK while sequence T22 hac the event /CONT-LEAK.
Reducing the probability of containment failure by leakage increases the
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Table 7.3
INTERSAL EVENTS TOTAL PLANT RUN-

RISK REDL. 170K BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY IRTERVALS)
RISK

BASE EVENT O0CUR PROE (RANK) RETNCITON aANK) LOMER S UPPER 5%
RA-8-1E 608 2.50E-01 f %2.0) 1.88E-05 ( 1.0) B.1SE-07 8.962-0%
DGCOOL-BETA 27 1.10E-01 t 49.3%) 1778485 ( 2.5) 2.58E-07 7._48BE-0%
DGCOOL - PMS-CM 27 2.50E-83 (181.5) 1.77E-0S £ 2.5} 2.38E-07 7 _48E-0S
RCICRMCOOL-FLAG 1023 1.00B+D0 ( 9.5) 1.08E-08 { 4.0}

OPFAILS -REOPEN 129 1.00B+00 (¢ 9.9 B.87E-08 { S5.0)

RA-NONE 306 1.00E+00 ( 9.5) 5. 18E-06 ( 6.9}

RA-8-18 468 §9.30E-01 { 21.90) S5.16E-0€ ( 7.0) 8 70E-08 2.9%E-0%
DGG-GEN-LF-FIS 807 2.50E-92 ¢ 67.0) S.18E-06 ( B8.0) 1.13E-07 3 S3E-05
APOLOX2-ROO-LFC 604 2 00E-0Z { 84 03 3.7SE-08 ( ©.0) 2.39E-08 2. 43E-05
DG2B-GEN-LF-FIE  SE1 2 S0E-02 ( 67 .O) 2.74E-06 ( 10.63 7. 93E-08 1 89%-0%
SUR~002-L 326 1.80E-01 ( 48 .03 Z.70E-06 ( 11.0) O.0DE+0C 2 0QE-0S
1EB2368-BCO-LF 176 . 7.20E-05 (383.%) 2. 08E-06 ( 12.0) 1 S8E-11 1 73E-0%
RA-8-10H 1179 Z.00E-02 ( 84.0) 1.74E-06 ( 13.0) 9.65E-08 & &sE-05
RA-9-2B 1162 8.70E-31 ( 23.7) 1.71E-06 ( 14.0) 9.51E-0% 8 17E-06
RA-8-88 468 2. 70E-02 ( 64 0} 1.71E-96 { 150} 7.0SE-08 7.83E-06
1EA227NY-ROD-LFC 3860 2.00E-02 ( 84 .0) 1.68E-06 ( 16.0) 8. 22E-09 1.212-0%
1EA32TYX-ROC-LFO 352 2 ODE-02 { B4.0) 1.63E-06 ( 17.0) 9 10E-09 1 21%-0%
CONT-LEAK 932 7. 5CE-Q1 ¢ 24 03 1.62E-06 ( 18.0) O.00E+00 2 >3g-0%
APO3SN2-ROO-LFO 342 2.D0E-0Z ( 84.0) 1.56E-0€ ( 18.0) 6 34E-09 1 .21E-0%
EE-MDP-PSW-BC-R 78 3.30E-01 ( 39.0) 1.01£-06 ¢ 20.0)

EE-MDC-IAS-CB-R 26 3.30E-01 ( 38.0) 9.242-07 ( 21. %)

EE-MDC-IAS-AB-R 26 3.30E-01 ¢ 39.0) 9.28E-07 { 21.5)

DGO-GEN-LF-FTR S4E 1. 90E-D2 (100.0) S.10E-07 ( 23.9) 2.51E-0% S .81E-06
DG2A-GEN-LF-FTR 445 1 80E-02 (10D.0) E.51E-07 { 24.9) 2.8BE-08 3 V74E-06
RA-9-8H 384 6.00E-G1 ( 26.C) 5.76E-07 ( 25.0) 6.34E-08 & G7E-06
DG-FTS-BETA 14 1.20E-02 (103 &) S.7SE-07 ( 26 ) 1.71E-0B 1 G9E-06
DGX-GEN-OM-FTS 14 2.508-02 ( 87.0) 5.75E-07 ( 26.5) 1.71E-08 1. 99E-06
RERBOLIAX-HTX-LFE S¢ 6.20E-03 (105 5} 5.68E-07 ( 28.0) 1.82E-09 & 34E-08
DG2B-GEN-LF-FTR 381 1.80E-92 (103.0) 5 40E-07 ( 29.0) 1.7SE-09 3.0SE-06
DGO-G-UtM 114 5 .0DE-03 (104.5) 5.15E-07 ( 30.0) 1.12E-98 2 8ZE-06
DGZA-GEN-LF-FTS 367 2 %0E-02 ( €7.0) & BAE-07 ( 31.0) 9.82E-09 3 61E-06
SUR-0C2-L 315 1 .80E-D1 ( 48.0) 4. BeE-D7 ( 32.0) O.00E+00 3 46E-08
OFFAILSCDS-CE-8M 11 3.40E-01 { 37.0) 4. 75E-07 ( 33.0) 6.15E-09 1 8BE-06
TSCDSSOPERCENT 3 S5.C0E-G1 ( 30.0) 4 _S8E-CT ( 34.0)

SUR-021-R 1%6 8.50B-02 ¢ 55.5) 4 49E-C7 ( 3..0) O.00E+p0 7?7 78E-06
SER-005-V 68 2. 10E-02 (185.0) 3.91E-07 ( 36.0) 4_18E-09 ) S®E-06
RA-15-88 7 4&_S0E-01 ¢ 33.0) 3.58E-07 ( 37.0) B.63E-08 1.42E-06
Q1 111 8.20E-03 {104. 0} 3 47E-07 ( 38.0) 6. 34E-09 1.24E-08
DGO -GEN-CC-FTS 114 3.70E-03 (114.0) 3.27E-07 ( 39.0) 1.43E-09 1 79E-96
RA-1-1-278 201 2.10E-03 (186.0) 3,14E-07 ( 40.0) 6.S8E-11 1.890E-08
DG2B-G-UtM 59 6€.00E-03 (108.5) 3. 10E-C7 ( 41.0) 8 B4E-09 1 26E-08
OFFAIL-VENT-28 118 2.10E-03 (186 .0) 4 G0E-08 (130.0) -2_59E-09 3 _18E-07
RA-5V-1-28 43 2 I0E-03 (186.0) 1.28E-09 (298.0) -5.34E-10 $.11E-00
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containment failure probability by rupture. 1In the integrated result these
effects are balanced out somewhat. However, one can see by looking at
Table 7.3 that two events even in the integrated analysis have negative
risk reduction measures, These two events, OPFAIL-VENT-2H and RA-SV-1-ZH,
represent successful operator venting of the containment. Venting using
the current procedures creates severe environments in the reactor building
that can fail injection systems leading to core damage sequences. 1f
verting tails and then the containment fails by overpressure, the failure
is often to the refueling floor which bypasses the reactor building and no
severe environments are created. For the dominant long-term containment
heat removal failure sequences which appear in this analysis, HPCS is the
system supplying injection. Since HPCS is a high pressure system and does
not fall from high containment pressures, the conditional probability of
core damage is actually higher {f venting occurs than if containment
failure eccurs, This is because venting always results iIn severe
environments while containment failure only results in severe envivonments
it the failure is in the reactor building.

The most important event for risk reduction is the loss of offsite power
Initiating event with a risk reduction measure of 2.31E-05/R-yr. The
second mest important event ils the non-recovery of offsite power within one
hour with a risk reduction measure of 1.89E-05/R-yr. The third and fourth
most important events are concerned with the CSCS cooling water pump common
mode failure and are the pump random failure probability and the common
mode beta factor which links the pumps together, each with a risk reductien
of 1.77E-05/R-yr. The fifth and sixth most important events are related to
the RCIC lsolation problem either the isolation on room high temperature or
the sneak circuit with risk reductions of 1.09E-5/R-yr. and 8 B7E-06/R-yr.
respectively.

/.3.2 Risk Increacse

The risk increase measure calculates the increase in the core damage
frequency obtained by setting each basic events failure probability to one.
The implication is that the component or event represented by this basic
event always falls or occurs. This measures tells you how much increase in
risk you would obtain if a comporent was allowed to degrade to the point of
Failure versus maintaining it at its current reliability level.

Risk increase measures are calculated only for basic events. Since
initiating events are frequencies and can have values greater than 1.0,
this calculation is not applicable to them. Risk increases for each

individual sequence and the integrated result are preserted in the TEMAC
outputs shown in Appendix A. In this section, we will discuss only the
integrated results which are shown in Table 7.4.

As with the risk decrease measure, certain events can have negative risk
increase implying that the risk decreases as their probability is
increased. In fact, the same two events that have negative risk decreases
have negative risk Increases. For example, as the probability of the
eperator failing te wvent increases the core damage frequency goes down
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because, for the dominant sequences, there Is less probability of severe
environments {f the contalnment fails than if its wvented as described
above .

The most important event for risk increase is the failure of the circuit
breaker from 4160 V AC emergency bus 242Y train B) to 480 V AC buses 236X
and ?236Y with a risk increase of 2 89E-02/R-yr. This fails all of train B
emergency AC power, The second west important event is recactor scram
tallure with a risk increase of 1.19E-02/R-yr. Even though AIVS sequences
at LaSalle are very low and do not dominant the core damage frequency, if
the failure to scram probability increased, they would become wvery
important. The third most important event is the CSCS cooling water pump
random failure prebability which determines the level of the cooling water
common mode event, This event has a risk increase of 7.05E-03/R-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,

7.3.3 Uncertainty Importance

The uncertainty importance is calculated for groups of basic events all of
which have the same underlying distribution (i.e., all basic events
represented by the same LHS? variable). In the Latin Hypercube (LHS)
sample, a certain distributinn might have been selected for motor-operated
valve fallure to open. Every basic event appearing in the model that
represents a4 motor-operated valve failing to open Is correlated, is
represented by the same LHS variable, and has the same value for a
particular LHS sample member. The uncertainty impor*ance calculation is
performed by performing a polynomial regression on the expected value of
the log of the top event conditional on the sampled values of the selected
LHS wvariable, The uncertainty importance is calculated as: (the
unconditional variance in the log of the top event - the expectation of the
variance of the log of the top event conditional on the selected LHS
variable)/(the unconditional varfance of the log of the top event). This
calcuiation is performed both for basic event and initiating events.

For the LaSalle analysis, the resuit of this calculation for each accident
sequence and for the integrated result are presented in Appendix A. Only
the integrated results will be discussed in this section. The integrated
results are presented in Table 7.5.

The dominant class of events, responsible for a 28.4% reduction in the
uncertainty of the leog risk, is uncertainty in the probability of control
clrecuit failure. This class includes valve, cireuit breaker, pump, and fan
control civcuit failures. The second and third most dominant classes are
deenergized relays failure to energize, responsible for a 16.5% and 16.3%
reduction (two class were modeled with different exposure times which
decoupled the LHS distributions in the LHS sample; they were correlated,
however) The fourth and fifth most dominant classes are failure of

7-15

il

&1 W= —ire e By N N



r- e e e e - e et S s e S g - N p—— e —w o S TR T —— WSR-S e el s e L L . e L by R— A S — bd

Table 7.8
INTERNAL EVENTS YOTAL PLANT RUN:
UNCERTAINTY IMPORTANCE BY BASE EVENT
I REDUCTION IN
TPE UNCERTAINTY
HASE EVENT OCCUR FPROE  (RANK; OF LOG RISK  (RANK) Y.05/TE.05* ¥ SS/TE @5
LPCT -MOV-EM2 4 2.50B-03 (161 %) 28 4 t 12.% 2.81 0.9%
RERBOIBR-POC-CC 8 2. 5S0E-03 (181.5: 28 4 {32.5) 2,81 0.0
1EB422B-BOC-CC 11 2.50E-05 (161.5: 28 .4 { 12.%) z.81 -1
CZDGOIP-PMS-CC 33 2, 50E-03 (181. %) 28 4 t 17.%) 2.81 c.o%
DAV-MOD-COM-CC 19 2.50E-03 (161.9) 28 .4 { 27.55 2.2 0.94
CODGOIP-PMS-CC 36 2. 50E-03 (161.5%) 28 .4 { 17.5 2 81 0.9
1EB425B-BCC-CC 30 2.S0E-93 {161 &) 28 4 {17.%) 2.81 ©.9e
BICFOOAX-VOO-CC = & 2 S0E-03 (1€1.5) 28.4 {127.95) 2.81 -
DG2YO3CR-PMS-CC 30 2, 50B-92 (161.%) 28. 4 (175 2.81 0.56
CSCCO02-PMS~CC 21 2, S0E-03 (161.5) 28 4 t 17.95) 281 ¢ 94
DGCOOL - PMS -CM 27 2 .50E-03 {161.%) 28 4 (2.5 z e 0.54
SEVYO3CB-PMS-CC 3% 2.SCE-03 (161 .43 28.4 { 17.% 2,81 0.94
1ET423B-BOO-CC 11 2.50E-£3 ¢(1851.5) 28 3 (137.%) 2.81 0.84
~ SWVED20C-PMS-CC 26 2 SOE-03 (161.5) 28.4 { 17.5) 2.8 0.8
- ESRFAGBE-VOO-CC 3 2.50E-03 (161.5) ze.4 t 11,5 2.81 9.9
o RHRF4BAA-VOO-CC 2 2.50E-03 (181.%3 264 { 17.5) 2.8 0.8
RERBOIAA-BOO-CC 22 25002 (161.3) 28 4 { 37.%) 2.81 G.84
OGHVOICC-PMS-CC 16 2. SUE-03 (161.5) 28 4 (27.5) 2.81 5.9
1EB&32C-BCC-CC 16 2, 50E-03 {161 %) 28 .4 { 17.%5) 2.81 6.9
, HCSCODIC-PMS-CS 16 2 SCE-03 (151.%5) 28 4 £.11.% 2.81 0.8
| NWVYDICA-FMS-CC 22 2. S0E-03 (181.5) 28 4 (17,9 z 81 0.5&
| 1EB412A-BCC-CC 28 2 SOE-03 (161.5) 28 4 {172.% 2,81 0.9
1EB413A-BOO-CC 28 2.30BE-D3 (161.5) 28 4 £ 17.5%) 2.%1 D.g94
DGOVOICA-FMS-CC 27 2 S0E-03 (161.5) 28 4 { 7.5 z.81 0.8
1ER&330-BO0O-CC 16 Z.SOE-03 (151 5 28 .4 t 17.5) z.81 0.9
LPCI-PMS-CM 8 2.50E-03 (1wl %) 28.4 { 17.5) 2.81 0.9
CSCPOSBA-VCC-CC 2 2.50E-03 (151.5) 28 4 {17.% 2.81 9.9¢
SY-REGP-RCICO0IX 6 2.50E-03 (161.5) 28 4 ( 17.% 2. 81 0.9
, DEV-MOD-COM-CC 18 2,.50E-03 (161 5) 28 4 . 17.5 2 81 9.9
] LOV-MOD-COM-CC | 27  2.50E-03 (161.5) 28 4 { 17.5 2.81 0.9
| 1EB234B-8CC-CC 3¢ 2.50E-03 (1E1.5) 28.4 {125 2.8 0. 9
LPCT-MOV-OM) 4 2.5DE-03 (181.5) 28 4 { 17.%} 2.81 0.8
CSCFO68B-VCC-CC 3 2 50E-D3 [161.5) 28 4 (115 2.81 0.8
1EB233A-BCC-AS 31 2. S0E-03 (161.%) 28 .4 (:17.5) 2.8 0.9
2DGIPK18-ROC-LFO 17 5.00E-04 (251.0) 6.5 ¢ 35.53 1.00 1.00 '
' CSCOZKI8-ROC-LFC 12 5.GOE-O4 (251.0) 16.4 ( 25.% 1.00 1.90
1E4327RX-ROO-LFO 358 2.00E-02 ¢ 84.0) 16.3 ( 4B %) 1.8 0.86
RACTKS-ROO-LF 1 2.00E-02 ( 84.0) 16.3 t 435} 1.64 c.86
RACTK3-ROO-LFO 1 2.80E-02 ( 84.0) 16 .3 [ 48.5) 1.6 0.88
BACTKS ROG-LFO 67 2.00E-02 ( 84.0) 16.3 { 4B 5} 1.854 0.88
LAKI4BPC-RCO-LFC 26 2.00E-02 ¢ 84.0} 16.3 [ 48.5) 1.8 0.566
LAK18BRB-ROO-LPD 40 2 0OE-02 ¢ 84.0) 6.3 ( 48.5) 1.84 2.88 }










energized rvelays to remain energized, responsible for a 16.1% and 15.8%
reduction (these were also divided into two groups). The sixth most
dominant class the loss of offsite power initlator which is responsible for
a 12.5% reduction., The seventh most domine.t class is diesel generator
failure to start which is responsible for a 6.8% reduction, The eighth to
tenth most dominant classes are the severe environment failure
probabilities of wvarlous types of equipment, responsible for 6.5%, 5.4%,
and 5. 3% reductions.

7.4 1nsights and Conclusions

Overall, the mean core damage frequency of 4.41E-05/R-yr. for the internal
events analysis 's very good considering that this is the first time a PRA
has been performed on LaSalle and no design or construction deficlencies
were found that resulted in excessive core damage potential.

Several changes could be made to systems and procedures that would result
in a significant reduction in the current core damage frequency and not be
too costly. The first is to eliminate the sneak circuit in the RCIC
isolation legic that results in the RCIC steam line inboard isolation valve
closing when offsite AC power is lost and the appropriate diesel generator
starts. This is is c¢learly an unwanted result that defeats the purpose of
having a DC powered svstem te mitigate station blackout type accidents,
This is particularly true here since the dominant core damage sequence
involves a loss of offsite power followed by a delayed loss of the diesel
generstors as a result of the loss of diesel generator cooling water. This
results in a delayed station blackout sequence in which the operator must
reopen the isolation valve before the diesel generators fail, Commonwealth
Edison Company (CECo) immediately recognized that this was a design
deficiency when ir was Initially found in the PRA analysis. A design
modification was devised but implementation was delayed until the PRA was
completed so that its relative importance could be assessed. The design
change should go in at the next refueling outage.

The second change would be to change the RCIC room temperature isolation
logie so that, in cases where train A AC power has fail but train B AC is
available, RCIC does not isolate if no other ECCS system is working. The
current logic assumes that if either AC power train is working then
sufficient other systems are available to cool the core and that RCIC is
not needed. For the type of sequences showing up here, a modification as
described above would reduce the probability of RCIC iscolation in these
sequences significancily while introducing a very low probability failure
event (i.e., a spurious inhibition signal).

The third majer change would be to change the venting procedure so that
venting does not result in severe environments in the reactor building. At
LaSalle, this can be done scolely by changing the procedures since a
hardened vent line already exists. The current procedures require that the
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operatar vent the contalnment through the standby gas treatment system.
This system has an open suction line from the reactor bullding and, even {f
this is isolated, has some duct work and a rubber boot connecting the vent
pipe to the standby gas treatment filter. This duct work and/or boot will
cevtainly fail 1f the maln vent lines are opened. The resulting severe
environsent in the reactor bullding has a very high probability of falling
the ECCS and CRD systems all of which have components in the reactor

building. A simple change in procedure to close the reactor building

suction line, isolate the standby pas treatment system, and vent to the
steam tunnel should be able to mitigate this problem. The vent and purge
system can not be used because 1t has & similar booet. Venting to the steaw
tunnel can produce some changes in the turbine building enviroument as a
result of leakage frem the turbine cavity into the maln building but the
blowout panel on the roof should open directing most of the steam out that
path A more detalled study of possible turbine bullding envivonments
would need to be made before this change could be made. 1o addition, lLevel
11/111 considera.ions as to the effects on possible radiocactive source
terms from accidents which progressed to cove damage anyway would need to
be ussessed Section 4.6 4 of Volume 1 of this repert containsg & more
detalled discussion of this problewm,
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