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ABSTRACT

A Level III probabilistic risk assessment (PRA) was performed for the
LaSalle Unit 2 nuclear power plant . This plant is located in Brookfield

Township, LaSalle County, Illinois which is 55 miles southwest of Chicago.
The objective of this study was to provide an estimate of the risk to the
of fsite population during full power operation of the plant and to include
a characterizati.on of the uncertainties in the calculated risk values.
Uncertainties were included in the accident frequency analysis, accident
progression analysis, and the source term analysis. Only weather
uncertainties were included in the consequence analysis. The risk

estimates presented in this report include contributions from both internal
and external initiators.

-_

T' e offsitt risk to the public due to the operation of LaSalle County
Station is relatively low, especially with respect to the NRC safety goals.
The mean individual early fatality risk within 1 mile is 1,lE-10/R-yr which
is more than three orders of magnitude below the safety goal. Similarly,

the mean individual latent cancer fatality risk is 8.5E-09/R-yr which is
slightly more than two orders of magnitude below the safety goal. In fact,

*

the entire uncertainty distributions for these two risk measures lie below
the safety goals . The mean values for early f atality risk and for latent

cancer fatality risk are 1.2E-08/R-yr and 0.25/R-<r, respectively.

The low values for risk can be attributed to the low core damage frequency,
the fast evacuation of the public away from the plant, and plant features
that reduce the source terms that result from a core damage accident. The

risk at LaSalle is dominated by the Fire plant damage state (PDS) group and
the Transient PDS group. The LOCA, and Transient-Induced LOCA PDS groups,
on the other hand, are very minor contributors to the risk. The Flood,

Anticipated Transients Without Scram (ATWS), and Seismic groups are in-
between. The risk is dominated by accidents that progress to vessel breach

-

and that involve loss of contai m.ent integrity. Given that core damage

occurs, it is likely that the accident will proceed to vessel breach and
the containment's integrity will be compromised. Although notable, the

conditional probability of core damage arrest prior to vessel breachmean
is fairly small, approximately 0.15. The probability of core damage arrest
is driven by the recovery of AC power for the short term station blackouts,
the lack of available or recoverable injection systems for the other
accidents, and the probability and effects of in-vessel steam explosions.

probability that the containment isolation will fail sometimeThe mean
during the accident is 0.88. It is about equally likely that the
containment will be vented during the accident, mean probability of 0.46,
or will structurally fail, mean probability of 0.42.

-lii/iv-
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POREVORD

LaSalle Unit 2 Level 111 Probabilistic Risk Assessment 1

In recent years, applications of Probabilistic Risk Assessment (PRA) to
nuclear power plants have experienced increasing . acceptance and use,
particularly in addrecsing regulatory issues. Although progress on the
PRA front has been impressive, the usage of PRA methods and insights to!

address increasingly broader regulatory issues has resulted in the need
for continued improvement in and expansion of PRA methods to support the
needs of the Nuclear Regulatory Commission (NRC).

1

Before any new PRA methods can be considered suitable for routine use in
i the regulatory arena, they need to be integrated into the overall

f ramework of a PRA, appropriate interfaces defined, and the utility of
the .ne thods evaluated. The LaSalle Unit 2 Level III PRA, described in
enis and associated reports, integrates new methods and new applications
of previous methods into a PRA framework that provides for this
-integration and evaluation. It helpa lay the 3ses for both the routine
use of the methods and the preparation of procedures that will provide
guidance for future PRAs used in addressing regulatory issues. These new
methods, once integrated into the framework of a PRA and evaluated, lead
to a more complete PRA analysis, a better understanding of the '

uncertainties in PRA results, and broader insights into the importance of
'

plant design and operational characteristics to public risk.

In order to satisfy the needs described above, the LaSalle Unit 2, Level
III PRA addresses the following broad obj ectives :

1. To develop and apply methods to integrate internal, external, and
dependent failure risk methods to achieve greater efficiency,
consistency, and completeness in the conduct of risk assessments;

2. To evaluate PFA 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

modelim , PRA methods, data, or physical processes that occur
_

during the evolution of a t.evere accident;

i

i
u. To conduct a PRA on a BWR 5, Mark II nuclear power plant,

I ascertain the plant's dominant occident sequences, evaluate the
| core and containment response to accidents, calculate the

consequences of the accidents, and assess overall risk; and
iinally

5. To formulate the results in such a manner as to allow the PRA to
be easily updated and to allow testing cf future improvements in
methodologi, data, and the treatment of phenomena.

-xix-
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The LaSalle Unit 2 PRA was performed for the NRC by Sandia National
*

Laboratories (SNL) with substantial help from Commonwealth Edison (Ceco)
and its contractors. Because of the size and scope of the PRA, various
related programs were set up to conduct different aspects of the
analysis. Additionally, existing programs had tasks added to perform

analyses for the LaSalle PRA. The responsibility for overallsome

direction of the PRA was assigned to the Risk Methods Integration and
Evaluation Program (RMILP). RMIEP was specifically responsible for all
aspects of the Level I analysis (i.e., the core damage analysis). The
Phenomenology and Risk Uncertainty Evaluation Program (PRUEP) was
responsible for the Level 11/111 analysis (i.e., accident progression,
source term, consequence analyses, and risk integration). Other programs
provided support in various areas or performed some of the subanalyses.
These p- grams include the Seismic Safety Margins Research Program
(SSMRP) at Lawrence Livermore National Laboratory (LLNL), which performed -

the seismic analysis; the Integrated Dependent Failure Analysis Program,
which developed methods and analyzed data for dependent failure modeling;
the MELCOR Program, which modified the MELCOR code in response te the
PRA's modeling needs; the Fire Research Program, which performed the fire
analysis; the PRA Methods Development Program, which devC oped some ci
the new methods used in the PRA; and the Data Programs, t nit h provided
new and updated data for BWR plants similar to LaSalle. CECO provided
plant design and operational information and reviewed many of the
analysis results.

The LaSulle PRA was begun before the NUREG-ll50 analysis and the 1 Salle
program has supplied the NUREG-1150 program with simplified location
analys's methods for integrated analysis of external events, insights on
posnible subtle interactions that come from the very detailed system
models used in the LaSalle PRA, cote vulneralle sequence resolution
methods, methods for handling and propagating statist ical uncertainties
in an integrated way through the entire analysis, and BWR thermal.
hydraulic models which were adapted for the Peach Bottom and Grand Gulf
analyses. "

The Level I results of the LaSalle Unit 2 PRA are presented in:
" Analysis of the LaSalle Unit 2 Nuclear Power Plcut: Risk Meti ids
Integration and Evaluat ion Program (RMIEP)," NUREC/CR-4832, SAND 92-0537,
ten volumes. The reports are organized as follows:

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

NUREG/CR-4832 - Volume 2: Integrated Quantification and Uncertainty
Analysis.

NUREG/CR-4832 - Volume 3: Internal Events Accident Sequence

Quantification.

NUREG/CR-4832 - Volume 4: Initiating Events and Accident Sequenco
Delincatlon.

|
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.|

NUREG/CR-4832 Vclume 5: Parameter Estimation Analysis and Hun.an
Reliability Screening Analysis.

NOREG/CR 4832 Volume 6: System Descriptions and Fault Tree
Definition.

'

NUREG/CR-4832 - Volume 7: External Event Scoping Quantification.

NUREG/CR-4832 - Volume 8: Seismic Analysis.

NUREC/CR-4832 - Volume 9: Internal Fire Analysis.
,

,

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

The Level II/III results of the LaSalle Unit 2 PRA are presented in:
" Integrated Risk Assessment For the LaSalle Unit 2 Nuclear Power Plant:
Phenomenology and Risk Uncertainty Evaluation Program (PRUEP)," NUREC/CR-
5305, SAND 90-2765, 3 volumes. The reports are organized as follows:

NUREG/CR-5305 - Volume 1: Main Report

NUREG/CR-5305 - Volume 2: Appendices A-G

NUREG/CR-5305 Volume 3- MEl.COR Code Calculations.
i

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

|
Some of the computer codes, expert judgement elicitations, and other
supporting information used in this analysis are documented in associated
reports, including: NUREG/CR-4586, User's Guide for a Personal-Computer-
Based Nuclear Power Plant Fire Data Base; NUREG/CR-4598, A User's Guide
for the Top Event Matrix Analysis Code (TEMAC); NUREG/CR-5032, Modeling
Time to Recovery and .lnitiating Event Frequency for Loss of Off-Site

'

Power Incidents at Nuclear Power Plants; NUREG/CR-5088, Fire Risk Scoping
Study: Investigation of Nuclear Power Plant Fire Risk, Including
Previously Unaddressed Issues; NUREC/CR-5174, A Reference Manual - for the
Event Progression Analysis Code (EVNTRE); NUREG/CR-5253, -PARTITION: A-

Program for Defining the Source Term / Consequence Analysis Interface in
the - NUREG-ll50 Probabilistic Risk Assessments, User's Guide; NUREG/CR-
5262, PRAMIS: Probabilistic Risk Assessment Model Integration System,
User's Guide; NUREC/CR-5331, MELCOR Analysis for Accident Progression
Issues; NUREG/CR-5346, Assessment of the XSOR Codes ; and NUREC/CR-5380, A

1
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User's Manual for the Postprocessing Prograci PSTEVNT. In addition the
i

render is directed to the NUREC 1150 technical support reports in

NUREG/CR-4550 and 4551.

Arthur C. Payne , J r .
Principal Investigator
Phenomenology and Risk Uncertainty Evaluation Program and
Risk Methods Integration and Evaluation Program
Division 6412, Reactor Systems Safety Analysis
Sandia t;ational Laboratories

Albuquerque, New Mexico 87185
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LIST OF ACRONYMS

AC Alternating Current
ADS ~ Automatic Depressurization System
APB Accident Progression Bin
APET Accident Progression Event Tree i

ATWS Anticipated Transeints Without Scram
Ba Barium
14'R Boiling Water Reactor
CCDF Complementary Cumulative Distribution Function
CCI Core-Concrete Interactions
CD Core Damage
CDF Cumulative Distibution System
CDS Condensate System
CDT Core Damge Time
Ce Cerium
Ceco Commonwealth Edison Company
CF Containment Failure
C11 Chronic Ilealth Effect Weight

CHR Containment lleat Removal
Cs Cesium
CSCS Core Standby Cooling System
CSS Containment Spray System
DC Direc- Current
DCli Direct Containment lleating

DDW Deisel-Driven Firewater System

DF Decontamination Factor
DWS Deisel-Driven Firewater System

EP_ Early Fatalities
Eli Early llealth Effect Weight
EPRI Electric Power Institute
EPS Emergency Power System
EPZ Emergency Planning Zone
EVSE Ex-Vessel Steam Explosion
FCI Fuel-Coolant Interaction
FCMCD Fractional Contribution to CoreDamge

FCMR . tactional . Contribution To Mean Risk
FDA Food And Drug Administration
WA Frequency Weighted Average'
GG Grand Gulf
GI Castro-Intestinal
llPCS liigh Pressure Core Spray System
HPME liigh Pressure Melt Ejection
I Iodine
La Lanthanum-
LCF Latent Cancer Fatalities -

,

LilS _ Latin liypercube Sample
LLNL Lawcrence Livermore National Labortatory

IDCA' Loss of Coolant Accident
LOSP Loss of Of f-Site Power

i

l
i

' xxiii-

|
,

. , . ~ , -c.,-- ,c. -, , . - , , . .. z..,.-.-- - -.



.. r .. . .

.. .
.

.

.. _ _ _ _ .

|

|

LIST OF ACRONYMS (Concluded)

LPCl Low pressure Coolant Inject. ion System
LPCS Low Pressure Core Spray System

LPl Low Pressure Inj ec t i on
MCCI Molten Core +Concreta Int e rac t. ions (see CCI)
MFCCD Mean Fractional Contribution to Core Damage

MFCR Mean Fractional Contribution To Risk
MW Main Feedwater System
NRC Nuclear Regulatory conunission
NUS

PB Peach Bottom
PDS Plant Damar,e State

PRA Probabilistic Risk Assessment
PRUEP Phenomenology and Risk Uncertainty Evaluation Program _

RBDF Reactor Building decontamination Factor

RCIC Reactor Core Isolation Cooling system

RilR Residuo' lleat Removal System

RMIEP Risk h , da Integration and Evaluation Program

POSP R a.edon as of Off-Site Power

RPV Reactor Pressure Vessel
Ru Rut.he n hun
SARRP Severe Accident Risk Reduction Program

SB Station Blackout
SBLC Standby Liquid Control System
$B0 Station Blackout

SDC Shutdown Cooling System
SF Split Frac t. l on
SGTS Standby Gas Treatment System
'1LC Standby Liquid Control System
SNL Sandia National Laboratories
SPC Suppression Pool Cooling System
Sr Strnntium
SRV Saftcy Relief Valve
SSMRP Seismic Safety Margins Research Program
Tl First Release Time
TC Fail to Scram Accident Sequencer. (VASil- 1400)
TDELAY Evacuation Deleay Time
Te Tellurium

TQUV Short-Term Loss of All Injection Sequence (WAsil-1400)
TW Warning Time
TV Long-Term Accident Sequence Wi th Loss of CllR (WASil-1400)
VB Vessel Breach

Z0 Zero-One
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S.O SUMMARY

S.1 Dbjective and Scone

The objectives of the Level II/III portion of this probabilistic risk
assessment (PRA) are:

1. To develop and apply methods to integrate internal, external, and
dependent failure risk methods to achieve greater efficiency,
consistency, and completeness in the conduct of risk assesseents;

2. 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 modeling,
PRA methods, data, or physical processes that occur during the
evolution of a severe accident;

4. To conduct a PRA on a BWR S, Mark 11 nuclear power plant, ascertain
the plant's dominant accident sequences, evaluate the core and
containment response to accidents, calculate the consequences of
the accidents, and assess overall risk; and finally

5. To formulate the results in such a manner as to allow the PRA to be
easily updated and to allow testing of future improvements in
methodology, data, and the treatment of phenomena,

in this study, the term integrated risk assessment means the combination of
the various constituent analyses (i.e., accident frequency analysis,
accident progression analysis, source term analysis, and the consequence
analysia) to form an expression for risk which includes contributions from
all initiators. -

The scope of this study includes:

1. Analysis of full power operation of the LaSalle County Station Unit
2 nuclear power plant,

D

2. Analysis of core damage accidents that result from both internal
and external events,

3. Estimation of the risk to the offsite population, and

4. Estiration of the combined uncertainties from the accident
frequency analysis, accident progression analysis, source term
analysis, and limited consequence uncertainties.

S1
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S . 2_ General Description of Methodolonv

The general steps used to perform the LaSalle 1,evel Ill PRA are outlined in
this section. The framework of this method was developed in this program
but was first applied in the NUREC 1150 study.1- Some of the details of-
this method are presented. in the methodology _ volume of NUREC/CR 4551.*
Some of the methods-that are described in NUREC/CR-4551 have been improved
for the LaSalle study. These improvements are described in the appropriate
sections of this report. The' general steps used in this PRA are:

1. Identify and determine the frequency of the accident sequences that
lead to core <* a m a ge tha- are initiated from both internal and
external events. This process is the Level I portion of the PRA
and is described in NUREG/CR-4832.**

2. Group the cut sets that are associated.with the accident sequences
into plant damage states (PDSs) where - each PDS presents unique
initial and boundary conditions to the accident progression'

analysis.

3. Identify and determine the conditional probabilities of the many
possible accident progression paths following core damage. A
detailed accident progression event tree ( APET) i s used in this
portion of the analysis and is evaluated using the EVNTRE code.2

4. Group the thousands of paths that are propagated through the APET
into bins that represent unique boundary conditions to the source
term analysis.

5. Estimate source terms for all of the accident progression bins that .

have been passed from the accident progression analysis to the
source term analysis. The source terms are estimated using a

- simple parametric code called IASSOR developed for this analysis.

6. The thousands of source terms that are generated in the source term
analysis are then combined into source term groups based on similar

* E.D, Gorham, et al., " Evaluation of Severe Accident Risks Methodology
for the Accident Progression, Source Term, Consequence, Risk
Integration and Uncertainty Analyses ," NUREG/CR 4551, Vol. 1, Rev. 1,
SAND 86-1309, Sandia National Laboratories; Albuquerque , NM, to be
published.

,

** Al C. Payne -Jr., T -. T. Sype, D. W. Whitehead, and A. W. Shiver,- -

" Analysis of the LaSalle Unit 2 Nuclear Power Plant: Risk Methods
itegration and Evaluation Program (RMIEP), Volume 2: Integrated

C4 antification and Uncertainty Analysis," NUREG/CD 4832/2 of 10 ,-
BAND 92-0537, Sandia National Laboratories, Albuque que, NM, to - be
published.

1
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characteristics of - the- source terms. A frequency weighted mean -

source- term is - determined . from each . group. This- process' is
partitioning 'and is performed with the PARTITIONreferred to as

code.)

7. Consequences are calculated for each source term group based on the
frequency weighted mean source term for that Eroup. The MACCS

code * is used to calculate the consequences.

8. Combine the frequency of the accident progression bins with the
consequences associated with the APB to form an expression of risk.

5 and its associatedThis process was performed with the PRAMIS code
post processors.

'

9. Present the risk results in a format such that contributors to risk
can be identified and the uncertainty in risk displayed.

S.3 General Description of the Plant

The LaSalle County Station Unit 2 nuclear power plant is located in
Brookfield Township, LaSalle County, Illinois which is 55 miles southwest
of Chicago. The plant is owned and operated by the Commonwealth Edison
Conpany (CECO) . The LaSalle plant utilizes a Mark II type containment to
house a General Electric BVR-5 reactor and is rated at 3293 MWt and 1078
MWo.

There are various injection systems that can be used to cool the core after
accidents and arrest the core damage process at - LaSalle . Four high

pressure and four low pressure inj ection systems are considered in this
analysis. The high pre _. 2re injection systems include the high nressure
core spray system (HPCS), chp reactor core isolation cooling system (RCIC),
the main. feedwater system OiW), and; the control red drive system (CRD).
All of these systems can inject up to the safety relief - valve setpoints
(1146-1205 psig). The low pressure injection systems include the low'

pressure core spray system (LPCS), the low pressure coolant inj ection -
system (LPCI), the condensate system, and the diesel-driven firewater1

system (DWS) . The DWS is used as a last resort injection system when all
other systems have failed. This system can be manually connected to the
MW injection line to provide inj ec tion. For these last four systems to

provide coolant to the core, the reactor pressure vessel (RPV) must be
depressurized from the normal operating pressure of about 1055 psig' to
150-500- psig dependin3 on the system operating.

Vessel depressurization is accomplished wfi;h the Automatic Depressurization-

System (ADS) which is designed to depressurize the reactor vessel J to a
pressure at which the low pressure injection ' systems can inject coolant - to
the reactor vessel.

Heat can be removed from the containment by the residual heat removal (RHR)
system which uses trains A and B of LPCI system. Suppression pool cooling

;

i

l

| S-3
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(SPC) and the containment spray system (CSS) are two modes of the Ri(R
system. In_either the SPC or the CSS modes of operation, the RliR system
can remove heat from the suppression pool by passing water from the pool
through heat exchangers. In the CSS modo, water is sprayed into the
drywell For accidents that art not IDCAs , the shutdown cooling (SDC) mode

: of RHR can also be used to remove decay heat from the core. In this mode
of operation, water is remo n from the vessel via a recirculation loop,
passed through the R11R hr exchangers, and then injected back inco the.

vessel. The LPCI system can also ve used to remove decay heat from the
contalianent indirectly by taking water from the suppression pool, passing
it through the beat exchangers, inj ec ting the water into the vessel, and
then having the water return to the suppression pool via a LOCA or the SRV
discharge :*7es. All four modes of RHR (i.e., SPC, CSS, SDC, and LPCI with
the heat exchangers) require AC power and are, therefore, unavailable

'

during a station blackout.

The primary containment ic a post-tensioned reinf orced concrete tructure
with a steel liner. The containment, shown in Figure S-1, consists of a
lower cylindrical portion founded on the base mat and an upper portion in
the form of a frustum of a cone. The containment is topped by an
elliptical steel dome called the drywell head. Tne lower portion of the
containment is called the suppressicn chamber (or wetwell) and it contains
the suppression pool; the upper portion is called the dryvell and it houses
the reactor pressure vessel (RPV). The drywell and the suppressian chamber
communicate through passive vertical vents called downcomers. One end of
each downcomer is in the - drywell and the other end is submerged in the
suppression pool, Gases released in the dryvell are vented through the
downcomers into the supprassion pool where the steam is condensed and the
noncondensibles are cooled. The primary containment is inerred withi-

nitrogen which eliminates the possibility of hydrogen combustion events
durini, the course of the accident. The internal design pressure of the

; primary containment is 45 psig. The ultimate containment failure pressure
was assessed by a panel of structural experts. The assessed mean failure
pressure is 191 psig; the minimum and maximum failure pressures are 140

.

psig and 275 psig, respectively. The containment failure locations'

identifled by the expert panel included the drywell head, the drywell wall,
the wetwell wall above the suppression pool, and the wetwell wall below the
suppression pool surface.

The LaSalle containment can be vented in the event that the pressure cannot
be controlled. For long-term containment heat removal accidents and ATWS
scenarios; the containment pressure will steadily increase due to the steam
released from th< saturated suppression pool. The pressure in the
containment can F' elieved through the containment vent and purge system.
The operators art tructed to vent the containment when the containment
pressure exceeds 7 g ig regardless of whether or not adequate core cooling
is available. Venring requires both divisions of AC power.

-Directly below the reactor pressure vessel is the reactor pedestal cavity.
This cavity consists of an upper portion directly beneath the reactor
vessel and a lower portion separated from the upper by a concrete floor.

S-4
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Figure S 1. LaSalle Containment Schematic
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Itot h port ions of the cavity ate Iarge enough to contain al1 of the core
debris r e l e in.e d at the time of vessel breach. In many scenarios, it is

possible that the upper cavity floor will fall and the core debris will be
teleased into the loser cavity which connects to the wetwell via some vent
holes above the level of cose debris. The lower pedestal in part tally

filed with concrete and cont a t us no water This design is significantly g
ditfetent fine some other Mark 11 c ont a i nme n t derigns and the LaSalle

iesuits should not be assumed to be valid for other Mark 11 cont altueent s .
latge amount of the core debits can not ent er the drywell due tobecause a

the recessed cavity de s i r,n , direct attack of the drywell wall by core
debris is not an issue at LaSalle as it !s f or t he Maik I cont altunent s 4md ,

are not an issue as insince the c ont a i nment is inetted, hyd, ogen burns

Mark 111 containments

a reinforced concrete reactor -The p r i tna r y cont alument is enclosed by
building which forms the secondar y cont ainment (Figure S-2). This building

houses ruach of the equipment u',ed by the safety and non-safety systems that
an accident Cont aitunent fallute to the reactor building,can mitigate

which tesults in sevete environments in the teactor building, can result in
si gni f icant contributor tofallnie of the mitigating systems *lhis is a

the rote damare irequency in the Level I analysis 6

'

S 4 IW'aALLS

S 4.I plant Damage State Deiini t ion Resul t s

for the I.aSalle analysis, 10 plant damar.e states were de f ined wi t h some 16
additional sub plant damage states included in the analysis. These PDSs
resulted from a detailed examination of all of the cut sets (combinations
of equipment fallures result ing in an accident sequence leading to core
damage) from the top 50 dominant accident sequences from the Level I
analysist.

The tot al core damage l'iequency distribution from the Level I analysin had
a mean value of 1.01E-04/R-yr with a 5th percentile of 5. 34 E- 06/R-yr . , a
median 01 2.4?E-05/R-yr and a 95th percentlie of 2.43E-04/R yr The

,

1.e v e l :1/111 1 115 sample resulted in a mean of 1.040-04/R-yr a 5th,

a median of ?.76E-05/R yr and a 95thpetcentile o f' 5.74E-06/R-yr ,,

percentile of 3.75E 04/R-yr The difference between the two dirtributions
is less t lian 104. G iveit that the 1.evel 1 asialysis used 270 primaty
variables and that. the 1.e ve l 11/111 analysis used onl- 103 of the Level I
variables for the uncer t aint y analysis (the other Lesel I variables were
fixed at their mean values), the level 11/111 sample is a very good
apptoximation of the Level I sample Individually, the PDS distributions

may show more variation than thin; but, the dominant PDSs are very close to
the I .e v e l I results as a result of the variable selection process described

in Chapter ?

The dominant plant damage states ate IT2, FIS, and FL7 with 0,368, 0.107,
and O.105 mean i rac t innal cont i ibut ions of the t otal core damage irequency,

respectively.

S-6
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f IT? is a transient-initiated short term station blackout PLS with core
damage beginning at about 60 minutes after the a c c i de nt. initiation.
Containment failure has not yet occurred and venting is recoverable if
AC power is restored. This l'DS is composed of three sub PDSs: 1) ADS
and almost all inj ec t ion systems are recoverable if AC power is .

restored, 2) ADS is available during the core damage process und almost
all injection is recoverable if AC power is restored, and 3) ADS is
available during the core damage process but only MFV, CDS, and RCIC
are recoverable if AC power in restored.

FIS is a fire-initiated accident resulting directly in a part ial loss
of c ont a i ruve nt heat removal. Random failures complete the loss of

long-term loss of cont.ainment heat.c on t a i tute n t heat removal, and a

temoval (TW type) sequence results. Primary injection into the RvV is
available, the llPCS system is mainly used although other systems may be ~

un.J for some part of the time cont a l tun nt pressurizes, RClc isointes
at 30 psig, the ADS valves reclose a t. 100 psip, and any low pressure
injection fails liigh pressure injection continues, and the
containment pressurizes until structural failure of the containment to
the reactor building occu s anywhere from 140 to 275 psig (mena value
.91 psig). The severe envi roturen t created in the reactor building by

the blowdown results in failure of any remaining inject ion systems, and
core damage occurs with a f ailed cont aliment .

FL2 is an internal flood-initiated by a service water pipe break on the
ground floor of the teactor building The flood falls all injection

systems except diesel-driven fire water which is not used in t. i me to
prevent core damage ADS and containment venting are available. This
sequetu e is a short-term loss of all injection (TQUV type) sequence

The mean f ract ional cont ribut lons to the total core damage frequency of the
different accluent classes are seismic 1.54, fire 23.8%, flood lit, ATVS
0.5%, LOCAs 0.?*, transients 62.6e, and transients-inducad LOCAs 0.8%.

_

S.4.2 Accident Progression Analysis Results

The majority of the accident.s analyzed in this study will proceed to vessel
failure Although notable, t he mean copdit j onal probabilit y of core damage
arrent is fairly small , approximat ely 0.15. The probabilit.y of core damage
arrest is driven by the recovery of AC power for the short-term station
blackouts and the lack of available or recoverable injection systems for
the ather sccidents Civen that core damage occurs, it is very likely that
the contaiament's integrity will be compromised during the course of the
accident by either containment failure or by cont ainment venting. The mean
probability that the containment will remain intact throughout the accident
is only 0.12. Furthermore, it is fairly likely that the containment will
fall early in the accident -the mean probability of early containment
failute is 0.33. It is .. l s o likely that the operators will vent the

probability of containmentcontainment riu r i ng the accident--the mean

S.8
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venting is 0.46. Given that core damage occurs, it is likely that the core
debris released from the vessel will participate in core concrete
interactions. The mean probability of CC1, cone'ltional on core daina ge , is i

J
0.77. Thus, the potential exists for a large r, lease late in the accioent.

The events that result in cont ainment failure before core darnage are slow

pressurization events that result from the accumulation of steam and
noncondensibles < luring accidenta in which contaltunent heat removal is lost
or inadequate (i.e., long-term loss of containment heat removal accidents,

'

long term station blackout accidents, and ATWS accidents). Events that
result in containment failure around the time of vessel breach include fast,
pressurization of the containment from loads accompanying vessel breach
(i.e., DCH, ex vessel steam explosions, RPV blowdown), Alpha mode eve n t.s .
drywell failure induced by reactor pedestal failure, and cavity drain lineI

isolation fallute !.a te in the accident, the events that. result in
containment failure include the slow pressurization of the containment from
the steam and noncondensibics generated during CCI and failure of the
reactor pedestal caused by concret.e erosion during CC1.

S.4.3 Source Term Aralysis Results

The source term results showed that the pressure of the RpV does not
signi ficant ry af fec t the source term for a particular accident progression
if vessel breach occurs. This is due to the differences in the fraction of
a species released from the fuel before vessel breach being negated when

7
' the vessel breaches and the radionuclides in the vessel revolatilize (i.e.,

low release beforo vessel breach results in high release af ter vessel'

breach and vice versa).'

The release path through which the radionuclides pass was determined to be
important. The path that resulted in the highest release to the
environment is through the wetwell above the water line. If the cavity
floor has failed, radionuclidus may leave the containment . without being
scrubbed by sprays or the suppression pool. The venting pathway is also
through the wetwell above the water line. In most cases, cont aitune nt

: failures in the drywell or drywell head were accompanied by successful
operation of cont ainment sprays which significantly reduced the amount of
radionuclides being released. Also, for many of the cases for which

, containment failure in the drywell head occurred, core damage did not occur
because severe environments were not created in the reactor building and
the injection systems did not subsequently fail.

The analysis showed that late iodine revolat111:ation results in
significant releases due to much of the iodine being scrubbed by the pools
initially and revolatilized later when the removal mechanisms are not as
cifective. For this reason, the modeling of late iodina revolat111:ation

may need to be investigated further.

The regression analysis shows that much of the uncertainty in the final
risk results is due to the uncertainty in the source term parameters. Much

.
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of the uncertainty may be due to the fact that the distributions being used
were clicited for cases with large uncertainties in the initial and
boundary conditions. Some of this uncertainty might he eliminated by a
more detailed case structure in the APET and hASSOR codes with new
distributions for these more specific cases.

S.4.4 partitioning Results,

!

The initial partit ioning process developed for the 1.aSalle analysis and
1 used in NUREC-11$0 was improved for the final analysis. The improved

process uses parameters important in determining t he consequences to help
define the source term groups. The improved partitioning process resulted
in a total of 97 non-zero partitions being defined. There were 20 high g
seismic, 23 1cw-g seismic, and $4 fire, flood, and internal partitions
defined. Out of 75,6P0 source terms only 1,860, or less than 2.5%, of the

'
source terms were not partitioned directly and had to be distributed to the
nearest defined partition (significantly less (Nn in the old process).
All of the partitions defined were important either to early fatalities,
latent cancers, or frequency (in the old process many partitions were
defined that were unnecessary and did not. cont.rlbut e) .

The rnsult of the new partitioning process was that most of the partitions
were defined using many, if not all, of the parameters selected and that
each partition is impor t ant to the final result (i.e., only one empty
partition was defined, this partition is nccensary in case any source terms
with zero release exist). The total number of partitions is less than that
produced in the old partition process 3 used in NUREG-1150; but, the level
of resolution is substantially increased as the source terms are grouped

! much moru homogeneously. The risk distribution is more accurately modeled ;

since the increased homogeneity of the partit. ion groups allows a more
accurate representation of the final consequences for each group in MACCS.

S.4.5 Risk Analysis Results

The offsite risk at laSalle is relatively low, especially with respect to
the proposed NRC safety goals. The mean individual early fatality risk,
1.1E-10/R-yr, is more than three orders of magnitude below the safety goal.
Similarly, the mean individual latent cancer fatality risk, 8.5E 09/R yr,
is slighely more than two orders of magnitude below the safety goal. In
fact, the ent!re distributlons for these two risk measures lie below the
safety goals. The mean values for early fatality risk and for latent
cancer f atality risk ate 1.2E-08/R-yr and 0.25/R yr, respectively. The
risk results are summarized in Table S-1,

For all of the consequence measures, the risk is dominated-by the Fire-pDS
group and the Transient pDS group. These groups are also the dominant
contributors to the core damage frequency. The LOCA and Transient-Induced
1.0CA pDS groups, on the other hand, are very minor contributors to the
risk. The Seismic, ATWS, and Flood groups are intermediate contributors.

S-10
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Table S-1
Distributions for Annual Risk at LaSalle for t

Internal and External Initiators :
(All Values per Reactor Year) |;

(Population Doses in Person Rem) |
|

!

Riali f ea su re S uit l h Median Mean 95ug.11e

f

Core Damage 5.7E-6 2.78 5 1.0E 4 3,2E 4

Early Fatalities 1.9E-13 1.5E 10 1,2E-8 2.5E-8

1.atent Cancer 7.3E 3 6.$E-2 2.5E 1 8.4E-1 ;

'

Fatalities
i

Population Dose Within 2.7E40 1. 9 E41 6.6E41 2.3E42
50 Miles

Population Dose Entire 4. 3 E41 3.9E+2 1. 5 E + '1 5.2E+3.

Region

Individual Early 3.6E 15 2.5E-12 1,1E-10 3.0E 10
Fatality Risk, O to
1 Mile |

Individual Latent 3.HE-10 2.6E-09 8.5E 09 2.6E-08
Cancer Fatality Risk.
O to 10 Miles

-

J

|

|

'
|

'
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For early fatality risk and individual risk of early fatality within one
inile, the risk is dominated by accidents that progress to vessel breach and
t.h a t involve loss of containment integrity. Vessel breach is important
because it affects the magnitude of the source term. If the core damage
process is arrested, there are only in vessel releases which are likely to
be scrubbed by the suppression pool. If, on the other hand, vessel breach,

i occurs, there are both in-vessel releases and ex-vessel releases. Releases
from core-concrete interaction, which lu ex vessel, can be a significant
contributor to the total release. Loss of containment integrity is
important because, if the containment remains intact, the release to the

.

envi ronnien t through normal leakage is ext remely small and is a negligible
! contributor to risk. For this analysis, the timing of the release did not
! show up as a significant contributor to risk This is because, for most of

the dominant accident sequences, the population evacuates long before any,
~

release occurs and, therefore, variations in containment fallure time did
not influence the risk results. Iloweve r , the fact that the containment
design is such that most containment failures will occur af ter evacuation
is clearly an important_determiner of the final risk results.

Latent cancer fatalities depend primarily on the frequency of contaitunent
failure (or venting) and the total amount of radioactivity released. -Thus, ,

like early fatality risk, accidents that progress to vessel failure and |
involve a loss of contaitunent integrity are the dominant contributors to
the latent cancer fatality risk, Again, the timing of contailunent failure
is not a particularly important direct contributor.

J

There are several factors that lead to these low values for risk. First,

the core damage frequency for LaSalle, mean - 1,0E.04/R yr. , is relatively i

low. While this appears high when compared to the NUREG.1150 plants 2, it
'

must be remembered that this is an integrated value and represents not only
accidents from internal initiators but also accidents from fire, flood, and
seismic initiators. In fact, if one adds up the mean core damage'

frequencies for the internal, fire, and seismic analyses at the Peach
Bottom plant analyzed in NUREG-1150,7 the mean core damage frequency is
1.4E-04/R-yr. with the LLNL seismic hazard curve and 6.6E-05/R yr. with the
EpK1 seismic hazard curve. This is in t.he same range as the LaSalle core
damage frequency.

Second, while the mean conditional probability that the containment *s
integrity will be compromised during the accident is fairly high, 0.88, the
consequences of the dominant accidents are relatively low because: 1) about
half of the containment failures are late failures, 2) there is a fast
evacuation speed for the population acound the plant. 3) many of the
sequences which had containment failure at or before vessel breach are
long-term sequences with containment failure still many hours into the
accident, and 4) of the impact of other plant features that reduce the
magnitude of the source term, Two of these other plant features that c

reduce the source term are the suppression pool and the reactor building.
In the majority of the accidents analy: ed, the in-vessel releases (i.e., *

early releases) are scrubbed by the suppression pool. In addition to the

0
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suppression pool, the reactor building surrounding the LaSalle containment'

,

also traps a portion of the radionuclides that escape the containment. *

;

'

For all of the non seismic source term groups that were generated during
the partitioning process (see section 4.6) the population in the emergency
planning zone, EPZ, began evacuation before the start of the release,
Thus, the dose received by the evacuating population was generally small

i
and no early fatalities resulted from thip fraction of the population. I

,

Because of the rapid evacuation, the timing of containtnent failure was not'

important in the LaSalle analysis. Changes in the evacuation assurnptions
could change this conclusion.

*
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i 1.0 INTRODUCTION
,

1.1 Obiective and scorte
,

The objectives of the Level 11/III portion of this probab distic risk )

assessment (PRA) are:

1. To develop and apply methods to integrate internal, external, and
dependent failure risk methods to achieva greater ef ficiency,
consistency, and completeness in the conduct of risk assenstnents;

2. To evaluate PRA technology developments and forinlate improved PRA
procedures;

3. To identify, evaluate, a. ' offectively display the uncertaintles in ,

FRA risk predictions that stern from limitations in plent modeling,
PRA methods, data, or physical processes that occur dering the
evolution of a severe accident; -

4. To conduct a PRA on a FNR 5, Mark 11 ruclear power plant, ascertain = -

the plant's dominant accident sequences, evalucte the core and
containment response to accidents, calculate the consequences of<

'

the accidents, and assess overall risk; and finally

'

5. To formulate the results in such a manner as to allow the PRA to be
easily updated and to allow testing of future improvements in
methodology, data, and the treatment of phenomena.

In this study, the term integrated risk assessment means the cornbination of
the various constituenc analyses (i.e., accident frequency analysis, ,

accident progressicn analysis cource term analysis, and the consequenen ,

analysis) to form an expressio for risk which includes contributions from
all initiaturs.

The scope of this study includes:

1. Analysis of full power operation of the LaSalle Unit 2 nuclear'

power plant,

2. Analysis of core c'.mp a ge accidents that renuit from both internal
and external event.s,

3. Estimation of the risk to the offsite population, and ,

'
4 Estimation of the combined uncertainties from the accident

frequency analysis, accident progression analysis, source term
analysis, and limited consequence uncertainties

t

.

1-1
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1.2 EtiwnLlheridiclul_Mtthnsinleny

j The general steps used to perform the I.aSalle level Ill PRA are described
in this section. The framework of this ine t hod was developed in this'

progtam b u t. was iIrst applied in the NUREG ll'01 study. Some of the
details of this method are p r e se nt.ed in the met hodology volume of NUREG-
4S51,' S on.e of the sethods that are described in NUREG-4551 have been
improved-lor the LaSalle ntudy. Thes.c improvements are descrlhed in the,

appropriate sections of this report. The general steps used in this PRA
Ate.

1. Ident ify and det ern ne the f requency of the accident sequences that
lead to core d a n..q,e ui. i that are initiated from both internal and
external events Thin process is the Level I portion of the PRA

and 19 desc r lhed in NUR1:C/CR-4 8 32. "

2. Group the cut sets that are associated with the accident. coquences
into plant damage states (PDSs) where cach PDS presents unique
inittal and boundaty conditions to the accident progression
analysis.

3. Identify and determine the conditional probabilities of the many
possible acciden progrestion paths follo,:!ng core damage. A

detailed accident progression event tree (APET) was used in this
portion of the analysis and was evaluated using the EVNTRE code 2,

4 Group the t houne.nds of paths that are propagated t.hrough the APET
into hins that terresent unique houndary conditions to the source
term annlynin.

5. Ent imate source terms for all of the accident progression hins that
have been paused from the accident progression analysis to tho
+.ource term analysin. The source terms were estimated uning a
simple parametric code call IAsscR developed for this analysis. ,

6. Group the thousands of source terms that are generated in the
source term analysis int o sourer term groups based on-similar

..._ _ _

* E.D. Gorham, et al., "Evaluntion of Severo Accident Risks: Methodology
for t h e' Accident Progression, Source Term, Consequence, Risk

,

Integrat ion and Uncertainty Analyses ," NUREC/CR-4551, Vol. 1, Rev. 1,
SAND 86 1309, Sandla National 1.aho ra t a t i c s , Albuquerque, NM, to- be
published.

** A, C. Payi.e Jr., T. T. Sype, _D . V, Whitehead, and A. W. Shiver,
" Analysis of the LaSalle Unit 2 Nuclear Power Plant: Risk Methods
Integratton and Evaluation Program (HMIEP), Volume 2: Integrated
Quantification and Uncert ainty Analysis ," NUREG/CR-4832/2 of 10,
SAND 92-0537, Sandla National Laboratories, Albuquerque, NM, to be

i pubilshed.

,
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characteristics of the source terms. A frequency veighted mean
source term was determined from each . group. This process is

partitionin6 and was performed with the PARTITION ireferred to as
code.8

'
i

7. Calculate the consequences for each source term group based on the
frequency weighted mean source term for that group. The MACCS

,

code' was used to calculate the consequences. !

:-

8. Combine the frequency of the accident progression bins with the
consequences associated with the APB to form an expression for )

performed with the PRAMIS code $ and itsrisk. This process was
associated post processors.

!

9. Present the risk results in a format such that contributors to risk
can be identified and the uncertainty in risk displayed,

i

1.3 General Descrip.11gn_of the Plant

The LaSalle County Station Unit 2 nuclear power plant is located in ,

Brookfield Township, LaSalle County, Illinois which is 55 miles southwest
of Chicago. The plant is owned and operated by the Commonwealth Edison 1,

'

Company (CECO) and the architect / engineer was Sargent 6 Lundy (S&L) . The
LaSalle plaat utilizes a Mark II type containment to houce a Ceneral
Electric WR-5 reactor and is rated at 3293 MWt and 1078 MWo.

*

There are various injection systems that can be used to cool the core in
abnormal situations and arrest the core damage process at LaSalle. Four
high pressure and _ four low pressure injection systems are considered in
this analysis. Detailed descriptions of the injection systems and their,

cooling and electrical support syr.tems can be found in the Level I portion
of this analysis in Volume 6 of NUREC/CR 4832.*

The high pressure injection systems include the high pressure core spray;

system (HPCS), the reactor core isolation cooling system (RCIC), the main-'

feedwater system (MFW), and the control rod drive system (CRD). All - of
2

these systems can inject water into the primary system up to the relief
valve setpoints (1146-1205 psig). The HPCS system has a motor driven pump
with its own dedicated diesel generator. This system draws water from
either the condensate storage tank or the suppression pool. The RCIC
system utilizes a turbine driven pump. Steam from the reactor pro sure

vess;l (RPV) is used to drive the turbine which pumps water from either the

* A. C. Payne Jr...T. h. Zimmerman, N; L. Brisbin, N. L. Graves, J._C.
LaChance, S. A. Eide, J. A. Lambright, and J. A. Perez, " Analysis of

'

the LaSalle Unit 2 Nuclear Power "lant: Risk Methods Integration and
Evaluation Program (RMIEP), Volume 6: System Descriptions and Fault
Tree Definition," NUREC/CR 4832/6 of 10, SAND 92 0537, Sandia National
Laboratories, Albuquerque, NM, to be published.
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condennate storage tank or the suppression pool boek to the vessel. Th"s -
,

RCIC can not be used once the vessel fails and the steam supply to the ,

tutblue is lost. DC power is also required to control this system. For
:use in accident mi t igat ion, the MIV systein draws wat er f ront the condenser '

hotwell using a motor-driven puttp. This ptunp requires of fsite power (i .e. ,
not emergency power), The CRD systeui can be used to inject water into the
core through the control rod drives. The CRD system can only inj ec t
several hundred gallons per minut e and is therefore only usef ul once the
decay energy has been significantly reduced (i.e., during a long term

,

accident) or in conj unc t ion with another injection system. The high
pre nure injection syst ems can be used to provide coolant snakeup when t he
RPV is at either high or low pressure, The only caveat to this statement
is that the emergency operat ing procedures tequire the RPV pressure to be
above 57 puig 11 RCIC is to be used.

The lov presuure injection syntems include the low pressure core spray
: syut em ( 1.PC S ) , the low pressure coolant i nj ec t ion system ( 1,PC I ) , the
| condensate system (CDS), and the diesel-driven firewater system (DIVS) .

The LPCS system is a' single-train system that draws water from the
s.uppression pool using a motor-driven pump. This system is powered by4

: train A of the emergency power system. LPCS sprays coolant through a ring
|! sparger located above the cose. The LPCI system is a three-t rain system

that also draws water from the suppr ession pool using motor-driven pumps
with train A powered by train A of the emergency power system (EpS) and
trains B and C powered by train B of the EPS. The condensate system draws
water irom the condenser hotwell using four motor-driven pumps and ptumps it *

through the feedwater line into the RPV. This system requires offsite,

i power. The last resort injection system, used when all other systems have
failed, is t.he diesel drivou lirewater system (DFVS). This system can be
manually connected to the MLV i nj ection line to provide i nj ec t ion . The
DIVS uses two diesel-driven pumps to draw water f rom t he ultimat e heat sink
(a ?DS8 acre seismically qur' ' fied lake built for the plant), For these
low pressure systems to pi ide coolant to the core, the RPV must be
depressurized from normal operating pressure about 1055 psig to 150 500
psig depending on the system operattog.

The Automatic Depressurization System (ADS) is designed to depressurize the
reactor vessel to a pressure at which the verious low pressure Sjection,

systems can inj ec t coolant into the reactor vessel. The ADS consists of
; seven of the eighteen relief valves. Each ADS valve is capable,of being

manually opened. For the ADS system to be automatically initiated, a low
pressure inj ec t ion pump must be running. Thus, the ADS will not to
automatically initiat ed during a station blackout, The operator can also
manually initiate the ADS or he may depressurize the reactor vessel using |the eleven Safety Relief Valves (SRVs) t' % are not connected to the ADS
logic. Each valve - separat ely dischare . Into the suppression pool via r.
tailpipe. The tailpipes have vacuum rell- f valves to prevent water from
being drawn into t.he lines as the steam condenses. If these valves fail
open, a release to the -drywell can result. The ADS valves are lue ted in,

the drywell and dryvell pressures above approximately 85 psig will prevent

-1 -4
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opening the ADS valves as a result of the loss of differential pressute
j required to hold the valves open. The ADS also requires DC power.
1 Therefore, the RPV can not be depressurized in sequences that it,volv t-
i failure of DC power or in accidents in which the containment presrure i

lexceeds 85 psig,

lleat can be removed from the containment by the residual heat removal (RllR) I

system which uses trains A and B of IEC1 system. The pilR system is a two i

train system with motor-operated valves and pumps. Both trains have a heat
'exchanger in parallel with a bypass line downstream of the pump. In either

the suppression pool cooling (SPC) mode or the containment spray (CSS)
modes of operation, the IUIR system can remove heat from the suppression
pool by passing water from the pool through the heat exchangers (with the
core standby cooling system (CSCS) providing cooling water from the
ultimate heat sink on the shell side), in the CSS modo, water is sprayed
into the drywell. For accidents that are not IDCAs, the shutdown cooling
(SDC) mode of RilR can also be used to remove decay heat from the core. In

this mode of operation, water is removed from the vessel via a
i recirculation loop, is passed through the RllR heat exchangers, and is then ;

'

injected back into the vessel. The LpC1 system can also be used to remove
decay hear from the containment indirectly by taking water from the
suppression pool, passing it through the heat exchangers, inj e ing the
water into the vessel, and then having the water return to the suppression
pool via a 1DCA or the SRV discharge lines. All four modes of RilR (1.6.,

SPC, CSS, SDC, and 1.PCI with the heat exchangers) require AC power and are,
therefore, unavailable during a station blackout. .

post-tensioned reinforced cenerete structureThe primary contaitunent is a
with a steel liner. The containment, shown in Figure 1,3-1, consists of a
lower cylindrical portion founded on the base mat and an upper portion in
the form of a frustum of a cone. The containment is topped by an
elliptical steel dome called the drywell head. The lower portion of the
primary containment is called the suppression chamber (or wetwell) and it
contains tha suppression pool; the upper portion is called the drywell and
it houses the reactor pressure vessel (RpV). The primary containment- is

a reinforced concrete reactor building which forms theenclosed by
secondary containment (see Figure 1,3-2). The primary containment is
inerted with nitrogen which climinates the possibjlity of hydrogen
combustion events during the course of the accident, llowever, combustion

of hydrogen in the reactor building following containment failure is still
possible. The internal denign pressure of the primary containment is 45
psig. The uitimate containment failure pressure was assessed by a panel of
structural experts. The ast,essed mean failure pressure is 191 psig; the
minimum and maximum failure pressures are 140 psig and 275 psig.
respectively, The containment failure locations identified by the expert

panel included the drywell head, the drywd1 vall, the wetwell wall above
the suppression pool, and the wetwell wall below the suppression pool
surface.

The pressure suppression system is an over.and-under configuration. The
drywell is located in the upper portion of the containment directly above

1-5
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1

| the suppression chamber which forms the lower portion of the contairunent . !

| The drywell and the suppression chattbe r are separated by a reinforced
1 concrete slab which forms ta drywell floor, The drywell houses the

reactor pressure vessel (RPV) and much of the primary system. The )
| suppression chamber cont ains the suppression pool. The drywell and the !

suppression chambes communicate t hrough passive vertical vents called .

i downcomers. One end of each downcomer is in the drywell and the other end
is submerged in the suppression pool. Gases released in the drywell are.

' vented through the downcomers into the suppression pool where the steam is '

condensed and the noncondensibles are cooled. In the event that the
;

suppression chamber pressure exceeds the drywell pressure, the ;

noncondensibles that have accumulated in the suppression chamber air space
are vt nted back into the drywell through the drywell vacuum breakers and !

thereby equilibrate the pressure between the two voltunes . The suppression
pool is also used to condense the st. cam and cool the noncondensibles that
are released t hrough the safety relief valve (SRV) ta11 pipes when the RPV
is depressurized, The SRV tailpipes direct the steam from the RpV to
suppression pool when the ADS or SRV valves are opened. The tailpipes

i release the steam and gases through T-quenchers located at the end of the
j ta11 pipes twa r the bottom of the suppression pool. The tallpipes have ;

check valves that connect to the drywell and if they fall open can result
in release to the drywell instead of the suppression pool . The nominal

! irce volumes of the drywell and the suppression chamber are 219,800 ft) and
'

165,100 ft, re t.pec t iv el y . The nominal volume of the suppression pool is
'

128.800 ft3 '

Direct' !>elow the reactor pressure vessel is the reactor pedestal cavity.
. The cavity is large enough to contain all of the core debris released at
'

the time of vessel breach. There are scenarios, however, in which a
port ion t he core debris may not remain in the cavity. For example, during
a direct c on t a i tune n t heating event a portion of the core debris that is
ejected at high pressure may be dispersed into the drywell. In other
scenarior it is possible that the cavity iloor will fail and the core
debris will be released into the lower pedestal which connects to the
wetwell, llowever, because a large amount of the core debris can not enter
the drywell, direct attack of the drywell vall by core debris is not an
issue at LaSalle as it is tor the Mark I con cairutent s . In addition to
holding the core debris, the cavity can also accumulate a large volume of
water during the a cident. When the cavity is completely flooded a water
depth of 11 feet can be established. The potential for large amounts of
water to be in the cas ity has two major implications. First, when core
debris is released from the vessel at the tim of vessel breach the
potential exist for large fuel-coolant interactions (FCIs) to occur if the
cavity is full of water. These FC1s can fail the containment directly from
quasi-static pressure loads or can fail the RPV pedestal which can then
lead to drywell failure (e.g., penetration failure). An FCl_can also fall
the pedestal drain pipes. In addition to FCI considerations, a large
amount of water in the cavity can cool the core debris that is released
from the reactor vessel and thus mitigate the relen s associated with
core-concrete interactions.

18
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The I.ab a l l e c ont a itutent can be vented if the pressure cannot he controlled.
For long-term containment heat removal accidents and ATWS scenarios, the
c ont a i t utent pressure will steadily increase due to the steam released frcm
the saturated suppression pool. The pressure in the containment can be
relle.ed through the containment vent and purge system. The containment
can he vented from either the drywell or the suppression chamber using
either a 2 inch valve or a 26 inch valve The vent nipe ties into the

stan hy gas t r e a t ir e n t system (SGTS) which releases the g ses to the stach
The vent pipe is attached to the SGTS with a rubber boot. It is assumed

that this rubber boot will fall when high pressure steam is released
through the vent. Therefore, the steam will be released into the reactor

building rathe. than being dir ected to the stack when the containment is
vented. Inundation of high temperature steam in the reactor building
creates a severe e nvi r onn.e nt for motor control cabinets and other e(tipment
located i the reactor building. Failure of equipment due io this steam _

can result in the loss of vital emergency equipment (e.g coolant,

injection syst ems and cont ainment heat. removal systems).

The operators are instructed to vent the c o nt a l tune nt when the containment
pressure exceeds 60 psig regardless of whether or not adequate core cooling

'

is available Venting requires both divisions of AC power

1.4 Et_miu r e o f t hdpsn
,

The main repcrt is composed of seven chapt ers with this introduction being
the first chipter. The tormation of the plant damage states from the
accident seqc+nces develope <1 in the Level I portion of t.h i s PRA is
discussed in Chapter 2 The models and results of accident progressian

analysis are presented in Chapter 3. 'I h e source term model, the

quantification of the source term issues, the source term results, and tha
partitioning prw ess are presented in Chapter 4. The er nsequence analysis

presented in Chapter 6. t;is described in Chapter 5 and the risk results are
A summary of the results and insights from this study are presented in -

Chapter 7.

The codes, input ffles, and data used to perform this z.nalysis are includad
in the appendices that form Volume 2 of ;his repotL. Tho MELCOR -

"
calculations used to support the accident progression and source term
analysis are preset.ted in Volume 3.
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2,0 pl/dT DAMAGE STATE DEFINITION

|
2.1 Introduction

*
1

The nutput of the Level I analysis is a set of dominant accident sequences i
,

j that result in core damage. These accident sequences are represented by
Boolean expressions composed of " cut sets". Each cut set is composed of
one or more terms which represent the failure of individual tnocbanical or
elect rIcal compc.nents in certain specific ways or represent the occurrence
of cc r t.219 physical processes. The t e rrn component should be understood

,

loosely to represent any structure or device. A cut set, therefore,
represents a specific set of fallutes that can result in core damage.

.

) Ecth ace!dont sequence actually reprenents a clar.s of accidents, all having
certain general similarities, which are being treated as one eatity for the

ipurpose of the Level 1 anazysis. Tie Lovei I accident sequences are
an event tree in ter na _ of tho . success or failure of variousdefined by

systems which can be used to rnitigate a particular initiating event, any
general operator actions that night impact the general devel spment of the ;<

accident, and any phenorrenological events produced during the accident that '

might induce failure of the mitigating systems. Each accident has a
spect rum of semi-defirmd or undefined initial and boundery conditions such
as: (1) the exact reactor power level, (2) the tirne in 'ne refueling cycle.

;

(3) the control rod position and history, (4) the specific distribution of
radioactive decay products in the core, ($) the specific water level in the

1

core, (6) the time in the expected forty year life of the plant at. which
the accident occurs. (7) the extent of partial system failures, and (8) the
variation in the physieni propertits of components and physical structures
due to plant age and weather. In roos t pRAs, all we know is that the
accident occurs at power, sometime during the plant operating life, and
that the mitigatiig systems do not successfully operate to prevent core

'

damar,o. The above uncertainties affect both Level I considerations (e.g.,
systen success criteria and accident sequence timing for determination of
.reco<ery actions and core dait. age times) and Level II and III considerations
(e.g. , the exact nat ure and timing of the core melt process, whether or not
cortain in-vessel and ex-vessel phenomena such as steam explosions or
hydrogen burns might occur, the failure mode of the containment, and the

,

effeccs of the relcare).

The phenomena, systems, and timing needing to be analyzed for the Level
II/III analysis are somewhat different than those needed for the Level 1

- ;

analysis arid the accident sequences need to be rearranged to officiently
continue the analysis. In order to perform the Level II/III analysis, the
accident sequence cut sets are, therefore, rearranged into plant damage

j states (pDSs) where each plant damage state presents unique initial and
boundary conditions to the accident progression analysis which constitute;'

the first part of the Level II analysis, it needs to be remembered that
these plant camage states still represent classes of accidents and do not
necessarily have the specificity in initial and. boundary conditions that.
one might like. For example, all of the eight uncertain initial and

2-1
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;

j boundary condit ions described above s t.il l exist in the definition of the
plant damage staten, j u s t. a s they existed in the definition of the accident
sequences. This means t ha t. there is still a lot of uncertaint-y that cand

exist in the initial conditions. This uncertainty manifests itself in the
'

probabilistic model as r. r ec ha s t i c variation of various parameters that may
be, but are not necessarily, constrained by the very general definitions of
the pl ant- damage states, This implies, even for a specific PDS, that the
accident may progress in widely divergent directions for different ranges-
and combinations of initial conditions. This will influence the phenomena.

selected, the parameter distributions used, and the models that one uses to !

perform the accident progression analysis. One specific thermal-hydraulic
calculation will not, in general, be sufficient to understand the accident
progression. The probabilistic model that analyres the evolution of the

; accidents from the point of core damage to the release of radioactive
1: salon products to the e nv i ronme nt is the accident progresulon event treo'

(At W . This model is described in Chapter 3 of this report.

For a given Love. I accident- sequence, each cut set in that sequence may
imply certain addit ional inf ermation about the state of varioun systems not
important to the level 1 analysis but very import ant or important in a
different way to the Level li analysis (e.g., stat us of containment spray
systems and secondary c ont a l tunent systems, status of possible injection,

systems) and about the-timing of events after core damage begins (e.g., *

time of core uncovery, time of vnssel breach, availability of water in the ;

reactor cavity, etc.). In fact, the differences between accident sequences ,

may not be an signi fi cant as the differences between different sets of cut
sets within the same sequence The methodology described in this section

' '

describes the process used to effect the transformation of the accident
sequences into plant damage states f or t ne Level 11 analysis.

22 kur.ntLErlholklec
'

The process used to trnusform the accident sequences into plant damage
states can be described in terms of the following series of steps:

1. Identify an.1 characterize as specifically as possible the dominant
accident sequences that need to be analyzed in the Level 11
analysis.

2. Using the accident sequence definitions from step 1, the plant
specific information on the reactor core, reactor vessel, and
primary and cecondary containments make a preliminary determination
of t hose plant ebaracteria. tics that will be needed to def ine the
init ial st at e of the plant for input into t he accident pror ssion
analysis, |

3. Construct a preliminary series of questions at the beginning of the
APET to define the plant damage s t a t e r.

,

h

2?

,
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!

;

4. Examine each cut set from the Level I accident. sequences and
' deterinine the answer to each of the PDS defining questions (Some of

'the questions used to defitn the PDS can be added to the end of the
level 1 event trees to he.p in grouping the cut sets for the icvel
11 analysis even though they ate not explicitly needed to deterrnine i

if core damage occurs). If characteristics show up that appear to
be important for the Level 11 analysis, revise the list of
questions.

i

5. Create a file showing all of the unique sets of answers to these
quest ions for all sequences and all c u t. sets. Each unique set of

answers is a possible plant damage state. ,

6. In order to reduce the number of plant damage staten needing to be
analyzed, sort the PDSu in various ways by rearranging the order of
the questions to determine differences and siinitarities between the.

PDSs.
,

7. Determine which information is of primary importance to the
characterization of the accident evolution, which is of secondary
importance, and which is not important to the accident evolution
but must be carried along from other analyses to properly represent'

all aspecLN of the analyule (i.e., the fact that the sequence
originates from a seismic event may not be important to the APET if'

,

all the seismic effect.s are included in the PDS definition;

|
however, one may want to separate out the seismic resu'.tc later).

!
8. Select the final set of quest tons to be used t o define the PDSa and

any sub-PDSs considerei necessary. (A sub-PDS is a grouping of cut
sets with some cha rac t e ri s t. i c that will result in a difierent
accident progresmion but the <" ference is not significant enough
to warrant defining a new Pb.J ,

9. Edit the cecident sequence cut set files, rearranging the cut sets

into new files for each PDS and sub-PDS. ,

10. Perform a full Level 1 uncertainty calculation on each sub PDS and
,

i PDS using the TEMAC1 code

11. From the uncertainty calculations, identify those events whose
uncertainty contributes significantly _ to the - uncert ainty of each
PDS or sub PDS and a t. what Icvel the cut sets can be truncated
without sigt.ificantly af fecting either. the estimate of tho PDS or
sub-PDS frequency or uncertainty distribution.

| 12. Construct a list of those events significant to uncertainty and
include them in the Level 11/111 Latin llypercube Sample? (IJIS) .

'
13. Truncate the cut sets for each PDS.or sub-PDS as appropriate,

construct a reduced Level I IJIS sampic, and re run TEMAC to - make
sure that the distributions are still roughly the same,

,
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,

14. Merge the reduced Level 1 IJIS sample with t he Level 11/111 sample,a

create the final IJIS sample, and run TEMAC to calculate the total
_.

Level I core damage frequency, the conditiona) probability of each
PDS, and conditional probabilities of each sub-PDS used in the
final analysis.

;

In the sections that follow, we will describe some of these steps 11 more
detail and give examples of the results.

2.3 Const rus11on of the Plarit Dagge State DefiniticIm

The dominant accident sequences are described in detail in Volume 2 of the
LaSalle Level I report.' These sequences fall into the following general
categories or groups: Transients, Transient-Induced thCAs, IDCAs, ATWS,,

Sc!nmic, Internal Fire, and Internal Flood. These groups will be tracked
throughout the analysis and the resultn of the accident progression, source
term, consequence, and risk analyses will be presented in terms of these

3

groups. The results could be tracked in terms of the individual PDSs butd

there are too many to make describing overy result in terms of each PDS
tractable.

The accident progression analysis for the LaSalle plant followa-the general
ir.e t hod used in the NUREG 1150" analysis but with some significant
differences. The basic purpose of the LaSalle PRA is to develop methods I

for periorming integrated uncert.atuty analysis. To this end, the EVNTRE
code,) which-vas initially developed in the Severe Accident Risk Reduction
Program (SARRP), was extensively rewritten for the LaSallo PRA in order to
be able to perform these detailed analyses. Because of the delays in the
LaSalle analysis resul t. ing from the priority of the NUREG 1150 analysis,
the EVNTRE code in its final form was first used in the NUREG 1150
analysis, lloweve r , NUREG ll50 did not perform the accident progression
analysis in an integrated fashion. First,'the internal, seismic, and fire
analyses uere each performed individually and, second, each PDS from each |
analysis was passed through the APET individually.
__

; * A. C. Payne Jr., T. T. Sype, D. W. Whitehead, and A. W. Shiver,
" Analysis of the LaSalle Unit 2 Nuclear Power Plant: Risk Methods
Integration and Evaluat. ion Program (RMIEP) Volume 2: Integrated

, Quantification and Uncertainty Analysis," NUREG/CR 4832/2 of 10, SAND
'

92-0537, Sandia National Laboratories, Albuquerque, NM, to be
;ublished.

t

** E. D, Gorham, J. C. llelton, R. J Breeding, S, C. llora, W. .B..Murffin,i .

i J. L. Sprung and F. T. liarper, " Evaluation of Severe Accident Risks:
Methodology," NUREG/CR-4551, Voltune 1, Revision 1, SAND 86-1309, Sandia
National-Laboratories, Alouquerque, NM, to be published.
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In the LaSalle program, a procedure for performing this analysis in an
integrated fashion was subsequent ly developed. Thia procedure, using the

isame EVNTRE code as in NUREG llSO, was applied in a litnited fashion in the
N-Reactor PRA.* In order to fully impicment the procedure for the LaSalle

; PRA, a tr>odi f i c a t i on to the 1VNTRE code was made which ellows split
fractions, which represent the conditional probabilities of .e variou-'

quest ion branches , to be input directly into the APET for questions witu ,

any numbe r o f b ranc he s . Previously this was possible only for questions i

with two branches. With this nodification, the PDSs conditional |

probabilities of occut rence calculated by TEMAC can be directly input into
the APET.

With the above modification, the APET can be run efficiently for the
integrated problem. Atter the determination of the final set of PDS to bo ,

used in the analysia, the characteristics of each PDS can be programmed
into the initial questionn in the APET that define the PDSs using the ,

question case structure Por each LHS sample member, the total core damage *
4

frequency is calculated, the conditional probabilities of each of the 30
PDSs and any additional split fractions for sub PDSs are calculated for

'that sample member, and the APET evaluates all of the PDSs simultaneously
for the sample member. This allows consistent truncation of the resulting
accident progression bins (APBs) at a uniform level and results in fewer ;

APBs t hat need to be analyzed further. (This may not appear t o be so since
there are roughly 75,000 APBs in the LaSalle analysis and roughly the same
nun.be r in the Peach Bottom NUKEG-1150 analysis ;S but, given the level of

; detail in the LaSalle analysis, would have expected many more). 'we

Table 2.3 1 contains a list of the final set.of questions used in the APET
to define the plant damage states. These are the first twenty-two
questions of the accident progression event tree. These questions define
those characteristics of the plant that were considered to be important in
defining the initial corditions for the accident progression analysis. j

Eac. question and the various possible answers are discussed. A _ detailed
1ist ing of the APET is given in Appendix B. In these questions certain
descriptors are used to classify the state of the systems that are i

,

; influenced by the Levti I analysis:

1. failed - the syst em will not work because of the failure of some
system or subsystem component or because of some phenomena

| occurring in the sequence definition, any possible recovery credit
using alternats system / components was given in the Level I analysis
and no further actions are possible.

2. recoverable - system has failed due to loss of offsite power or
simultaneous loss of of fsite and onsite power; if AC power can be
restored, the system may be used given.other conditions allow this
(recovery of AC power is tracked in the APET),

3. available system is not being used at the present time either-

because it has not been called for or because conditions do not
allow its use, the APET w'll track the appropriate conditions and

2-5
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Table 2.3 1
PDS Definition Quest.lons From the LaSalle APET.

I

1 What is the Plant Damage State (PDS)?
*30 EQ1 EQ2 Fil F12 F13 F14

F15 F16 FL1 FL2 IA1 IA2
'

1. lll ITl IT2 IT3 IT4 IT$
IT6 IT7 IT8 1T9 IT10 ITil-

ITL1 ITL2 IT1.3 ITIA 1T1.5 ITL6

2 Is there a loss of offsite power?
3 El - clEP El LOP EintSP

3 1s there a Station Blackout (Lot,s of all AC)?
'

2 SB nSB

4 1s de power available?
3 ElfDC ElrDC El-DC

i ,

| 5 Does a S/RV st.ick open early?
2 El SORV EinSORV

6 Does the llPCS systern fail to inject?
3 El filPC El ritPC El -llPC

7 Does the RCIC system fail to inj ec t ?
3 ElfRCIC ElrRCIC ElaRCIC

.

8 What is the initial status of the CRD hydraulle system?. r

3 ElfCRD ElrCRD E1 CRD;

9 What is-the initial status of the main feedwater system?
3 El fMfV El rMIN ElaHFV

10 What is the initial status of RPV depressurization?
3 ElfADS ElrADS ElaADS

11 What is the initial status of the low-pressure ECC systems?
3 El fl.PC ElrLPC ElaLPC

12 What is the initial status of the condensato system? <

3 ElfCOND ElrCOND ElaCOND
'I

13 What is the initial- status of contaitunent heat removal? - -- 1
-3 El fRiiR ElrRilR El RilR l

|

14 What is the initial status of containment spray?
4 ElfCSS ElrCSS ElaCSS El-CSS

,

1
-
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Tibic 2.3-1 (concluded)
PDS Definition Questions From the LaSall, APER

__

15 Does the containment fall before core damage?

2 ElnCF El-CF

16 Is the containment vented before core degradation?
4 ElfVNT ElrVNT ElaVNT E1-VNT

17 Level of pre-existing leakage or isolation f ailure?
5 EinCL El-CL2 El-CL3 El-CPr2 El-CPr3

18 Location of pre-existing leakage or isolat. ion failure?
4 El CInt El-CLD El CLDil El-CLW

19 What is the level of preexisting suppression pool bypass?
5 EinSPB El-SPB2 El SPB3 El-SPD ElpSPD g

20 For TC does SLC fail to inj ec t ?

3 ElfSLC ElrSLC ElaSLC

'

21 When does core damage occur?
6 CD1 CDB CD10 CDVNT CDSP,V CDCF

22 What type of sequence is this (summary of plant damage)?
7 EQ Fire F1d ATVS LOCA Tran Trant

2-7
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allow the use of the system when needed if conditions change enough
to allow operatios,, par t s of the sys, tem could be operat ing but the
overall system function is not being performed, and

i 4, working - system is performing its function.

Quer. tion 1 - What is the Plant Damage State?

IQuestion 1 delines the the plant damage states to be analyzed and their
conditional probabilities. There are 30 PDSs included in the i nt egrat.ed;

analysis. There are 2 sc i sinic PDSs. 6 fire PDSs, 2 flood PDSs, 2 ATW
PDSs, 1 LOCA PDS, 11 transient PDSs, and 6 transient induced IDCA PDSs.
Since the conditional probabilities for each PDS are input directly into
the question for each sample member, all PDSs are evaluated simultaneously. j

Question 2 - Is there a loss of offsite power?

Question 2 defines the state of offsite power. There are three branches to
'

this question: (1) loss of all offsite power occurred from a seismic-evont,

i (2) loss of offsite power occurred as a random initiator or randoinly after
some other initiator, and (3) no loss of of fattu power has occurred. In

the first case, no recovery of offsite power is allowed in the APET
evaluation of the accident. progression because of the severity of the
damage. This arises because the methodology for treating recovery for
external events is not as developed nu for the internal event analysis and;
therefore, conservative assumptions are made. Some fire PDSs were assigned
to this branch if the fli c damage was so severe that recovery of AC power
was not thought to be likely. For t.he second case, the APET will track the

accident progression timing and calculate the appropriate conditional
probability of recovery of AC power for the time interval in question using
the same data and method as used in the level I analysis.8 In the third
case, no loss of offsite power occurs and at 1 cast one train of AC power is
availabic.

Quest. ion 3 - Is there a Station Blackout (Loss of all AC)?

Question 3 defines whether or not a total loss of offsite and onsite AC
power has occurred, with the exception of t_he llPCS dedicated diesel . There
are two branches to this question: (1) Station Blackout has occurred or (2)
Station Blackout has not occurred. if a complete loss of offsite power has i

occurred and t. rain A and B of onsite power have failed (i .e. , DG "0" and DG
"A", respectively) then a station blackout. i r, said to have occurred. Note
that DG "B" (train C) may still be available. If a partial loss of of fsite
power or at least train A or B of onsite power is available then station
blackout has not occurred.

Question 4 - Is DC' power available?

Question 4 defines the availability state of DC power. There are three
branchen: (1) DC power has failed and can not be recovered, (2) DC power
han fniled but is recoverable, and (3) DC power is available. The first
case reprecents hardware failure of sufficient equipment that all DC power
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is failed. Alternative e quiprae nt is not available and repair of the failed
equipment is not allowed. in the second case, DC power has failed because
of batterf depletion after a loss of AC power. If AC power can be
restored, DC power can be recovered through the inverters. In the third

case, DC powet is available throughout the accident.

Question 5 - Does an S/RV stick cren early?

Question 5 defines the status of the saf ety relief valves. There are two
SRV has stuck open and 2) no SRVbranches to this questien: 1) at ..ast one

has stuck open. This is part of the determination of reactor vessel
pressure during the cote damage process and before vessel breach occurs.
If an SRV has stuck open then the vessel will depressurire before vessel
bicach. If an SRV has not stuck open then the vessel will be at high
pressure unless some other rebanism for vessel depressurization, such as
ADS, has occutred.

Quest ion 6 Does the llPCS system fall to inject?

Question 6 defines the status of the high pressure core spray rystem
(llPCS ) . For this analysis, all of the coro vulnerable sequences were
resolved in the Level 1 analysis This me a n r. that any system failures

a result of contairutent pressuritatlon, containment failure,occurring as
and severe environments in the reactor building that would result in core
damage have already been evaluated. This implies that in order to get core

damage, llPCS can not be working. There are, therefore, only three branches
to consider: (1) IIPCS is mechanically failed. (2) llPCS is failed from loss
of AC power but can he recovered if offsite power is restored, and (3) IIPCS
is available but the operator has not used it (i.e., for some reason llPCS
did not automatically start or it was turned off). The APET will track AC
power and allow use of the system if conditions permit. If IIPCS works, it

can prevent core damage (i.e about 1000 gpm at normal operating
pressure). 11 restarted after core damage, it may result in core damage
arrest and no vessel breach. Water on the debris enny affect the source
term and the occurrence or magnitude of some types of phenomena (e.g.,
cavity failure, core-concrete interactions ex-vessel steam explosions,

long-term pedestal failure, etc.).

Question 7 - Does the RCIC system fail to inject?

Question 7 defines the status of the reactor core isolation cooling (RCIC)
system. RCIC is a steam-driven DC dependent systcm injecting at high RPV
pressure similar to llPCS but with a lower flow rate (i.e., about 600 gpm at

normal cperating pressure). As wit h llPCS continw d success of RCIC has
already been evaluated in the Level I analysis and some failure had to
occur to get to this point. There are, therefore, only three branches that

need .o be considered: (1) RCIC is mechanically failed or RPV pres =ure is
too lov to drive the turbine, (2) RCIC is failed from loss of DC power but
can be recovered on restoration of AC power, and (3) RCIC is available but
the operator has not used it. The APET will track AC power and allow use
of the system if conditions permit.

2-9
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Que:, tion 8 - What is the initial-status ,f the CRD hydraulic _ system?

Question 8 defines the status of the control rod drive (CRD) system, CRD
is also a high pressure injection system and.is dependent on offsite AC.
Its capacity (about 200 gpm.at maximum) is not enough to prevent core
damage if all other injection is lost at the start of the accident; but,
after about 6 hours, it is sufficient. As with HPCS and RCIC, the success
of CRD in preventing core damage was evaluated in the Level I analysis.
There are, therefore, only Aree branches: (1) CRD is mechanically failed,
(2) CRD is failed from loss f AC power but can be recovered on restoration
of AC power, and (3) CRD is available but the operator has not used it.
The APET will track AC power and allow use of the system if conditions
permit. Normal operation of the CRD without enhancement by the - operator
(i.e s tartitg of the second pump and/or realigning of the valves for,

maximum flow) was not considered significant for this analysis,

Question 9 - What is the initial status of the main feedwater system?

Question 9 defines the state of tN main feedwater (MW) system. At
LaSalle, the MW system has a motor-driven pump - powered by offsite AC
power; A full system fault tree was developed in the Level I analysis and
credit was taken for the use of this system in the accident mitigation.
This is also a high pressure injection system an( as with the others only
three tranches exist, (1) MW is mechanically failed, (2) MW is failed
from loss of AC power but can be recovered on restorction of AC power, and
(3) MW is avallnble but the operator bas not used it. The APET will track
AC power and allow use of the system if conditions permit,

Question 10 - What is the initial status of RPV depressurization?

Question 10 is part of the determination of the state of RPV pressurization
and asks about the status of the automatic depressurization system (ADS).
This determines whether or not low pressure injection systems can be used
to mitigate the accident, whether certain in-vessel phenomena occur, and
the magnitude of some. phenomena (e.g., core damage arrest, in-vessel steam
explosions, recriticality, and the nature of the vessel breach). There are
three branches: (1) ADS is mechanically failed, (2) ADS is unavailable
because of the loss of DC power but enn be recovered ii AC power is
restored, (3) ADS is available and can be used. The APET will track AC
power and allow use of the system if conditions permit. As with the high
pressure inj ection sys tems , the use of ADS to decrease reactor pressure and
allow the use of low precsure injection to prevent core damage has already-

been taken into account in the Level I analysis. Any sequence with
continued low pressure - injection does not result in -core damage. All
sequences coming from the Level I analysis, therefore, have r.ot had ADS for
some reason- or ADS occurred and the reac cor. vessel repressurized when _ ADS
reclosed on high containment pressure,

Question 11 - What is the initial status of the low-pressure ECC system?

Question 11 defines the status of the low pressure coolant injection (LPCI)
syster. and the low pressure core spray (LPCS) system. These systems are
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treated toget.,er because~ of- their common support . systems . and interaccing .
control and actuation systems. These are high flow, low pressure injection _
(LPI). systems and require that the. RPV be depressurized in order to inject.
Three branches -exist: (1) LPI is mechanically failed,- (2) LPI is failed
from. loss of AC power but can be recovered on restoration of AC power, and
(3) LPI is available but the operator has not used it. The APET will track
AC power and allow use of the system if conditions permit. As with t the
high pressure injection systems, the Level I analysis has already evaluated
the core vulnerable sequences with low pressure injection and low pressure
injection can not be working at this time.

Question 12 - What is The. initial status of the condensate system?

Question 12 defines the status of the condensate system (CDS). CDS is an
intermediata pressure injection system and for this analysis is treated as
a low pressure injection system. As with the other low pressure inj ec tion -

systems only three branches exist: (1) CDS is mechanically failed, (2) CDS
is failed from loss of AC power but can be recovered on-restoration of AC
power, and (3) CDS is available but the operator has not used it. The APET
will track AC power and allow use of the system if conditions permit. i

Question 13 - What is the initial status of contaitunent heat removal?

Question 13 defines the status of the residual heat removal (RilR) . system.
The RER system performs the function of containment heat removal. Three
branches exist: (1) RHR is mechanically failed, (2) RHR is failed from loss
of AC power but can be recovered on restoration of AC power, and (3) RHR is
working. The APET will track AC power and allow use of the system if
conditions permit. The RHR system can operate in any of four modes

#shutdown cooling system (SCS), suppression pool cooling (SPC), con;:ainment
sprays (CSS) and LPCI with flow through the appropriate heat exchanger.
Since the spray mode has unique decontamination mechanisms, its operatio.n
is defined separately in the next question. Operation of RHR is evaluated
in the Level I analysis because of the evaluation of core vulnerable
s2quences. For sequences that were not- core vulnerable sequences and

,

| resulted in core damage, no cases of operator failure to initiate. appeared
in the dominant cut sets.

Question 14 - What is the initial status of containment spray?

! Question 14 definer the status of the containment sprays independent.of the
operation of the heat exchangers. The combination of operating heat
exchangers and CSS will cool the containment and will directly affect
retention of radioactive fission products in the drywell atmosphere. If

only CS3 operates, the retention of fission products will be affected, but
differently than with cooling, and the containment will not be cooled.

- Since RHR can operate without CSS , there are four cases-for thie question:
(1) CSS is mechanically fallad, (2)- CSS is failed from loss of AC power but
can be recovered if AC power is recovered, (3) CSS is available but not'
being used, and (4) CSS is working. The APET will track AC power and allow
use of the system if conditions permit.

_
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Question 15 - 1)oes the contaitunent f ail before core damage?

Questicn 15 defines the time of contatument failure relative to the time of '

core damage. For certain Level 1 accident sequences, contaitunent failure
had to have occurred in order for core damage to occur. The timing or com-

darnage relative to the occurrence of containment' failure was, therefore,
determined in the Level 1 analysis. There are two branches: (1) the
contairunent - fails after core damage and (2) the contairunent fails before
core damage. The results of this question are used later in the event tree
as the APET tracks the contaltunent failure mode. This irspac ts the severe
envi rotunent failure of various systems that have components in the reactor
building.

Question 16 - la the contaitunent vented before core damage?
,

Question 16 defines the status of c onta isunent venting. There are four
branches: (1) the con tairunent venting system is inochanically failed, (2)
the venting system is f ailed because of the loss of AC power but can be
recovered if AC is recovered. (3) the venting system is available but has
not heen used, and (4) the containment has been vented. Venting af fects
the operability of systems in the reactor building and the ADS system. The
APET will track AC power and allow use of the system if conditions permit.

Question 17 - Level of pre-existing leakage or isolation failure?

Question 17 defines- the status of the contaitunent at the start of the
- accident. There are five branches: (1) No pre-existing containment leakage
or isolation failure, (2) pre-existing leak, (3) pre existing rupture, (4)
isolu ton failure resulting in a leak, and (5) isolation failure resultirg
in a rupture. For LaSalle with an inert contairunent and isolation system,
the probability of a pre existing failure large enouSh to be classified as
a leak or a rupture is negligible (i.e., technical specification Icakage is
not classified as a leak). This question was included to allow sensitivity
analysis at a later date. For this analysis, a leak is defined as any
containment failure-that results in greater than two hours to depressuriza,

: the containment and- a rupture as any failure t_h a t depressurizes the
containment in less- than two hours. This de finitien - comes - f rom the
resolution of core vulnerable sequences in the L.evel I analysis.- Two hours
is the minimum time within which the containment can be depressurized to
tne point where low pressure injection systems can inject into the core and,

| still prevent core damage for long-term sequences. This is conservative
and is determined by the decay heat level and water level at the time of
loss of injection.

Question 18 - Location of pre-existing leakage or isolation failure?

Question 18 defines the location of the leakage in question 17. There are
four branches: (1) the contaitunent is lutact, (2) failure is in the drynll
and Icada - to the reactor building, (3) failure is in the drywell head and

_

leads to the refueling floor, and (4) failure is in the wetwell and leads
to the reactor building. For this analysis, the containment is always
i n t a c t. ; but, the question was included to allow sensitivity analysis at a
later date.

2-12

_ _ _- - . _ . . . . _ _ _ __ _ _ _ _ _ _-_ _ _ . - _ _-



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

c

: Question 19 a What is the level'of pre existing suppression pool bypass?-

Question 19 - de fines the - initial- level of suppression pool bypass. There
are five branches:: (1) no suppression pool bypass, _ (2) there __ is a -leak-
above the water line, (3) there is a rupture above the water line , (4) the
suppression pool is completely drained, and - (5) the suppremion pool is
partially ~drafaed. There is no initial suppression pool bypass' foi any of .

'
the sequences at LaSalle. The question was -included to allow sensitivity

'

analysis at a later date.

Question 20 - For TC does SLC fail to inject?

Question 20 defines the' status of the standby liquid control (SBLC or SLC)
system for ATWS scenarios (TC). There are three branches: (1)' the ' SBLC
system is mechanically failed, (2) the SBLC system is failed due to . the
loss of AC and can be recovered if AC is recovered, and (3) the SBLC system
is available but not being used. The APET will track AC power and allow-
use of.the system if conditions permit. Credit for the early use of_SBLCc
to switch the sequence to an ordinary transient has already been taken in
the Level I analysis, only long term use of SBLC af ter core damage has
occurred is given here.

<

Question 21 When does core damage occur?

Question 21 defines the time at which core damage occurs. There are six
branches: (1) at about one hour,-(2) at about eight hours,-(3) at about ten
hours. (4) as a result of containment venting, (5) as a result of SRV
reclosure on high containment pressure and the loss of low pressure
inj ec tion , and (6) after containment structural failure. Cases 4-6 imply
core damage at about the time of occurrence of specific events in the
accident progression. For cases 1-3, core damage is not explicitly
associated with any other specific event in the accident progression.

Question 22 - What type c,f sequence is this (summary of plant -damage)?

Question 22 defines the general type of sequence that the particular plant
damage _ state fails into. There are seven branches: (1)' seismic, (2) fire,
3) flood, (4) ATWS, (5) LOCA , - ( 6_) transient, and (7) transient induced
LOCA. This classification is used throughout the analysis'to simplify the-
discussicas.

2.4 Initial PDSs From Accident Seouence Cut Sets

Once the initial set of questions that define the PDSs have been
determined, ;he accident sequence cut sets have to be examined to evaluate-
the specific PDSs that will appear in the analysis. For the LaSalle PRA,

the final accident sequences are reported in Volume 2 of the LaSalle Level
I report _and Table 2.4-1 shows the accident sequences in-decreasing order
of frequercy. The table has some statistics of the individual sequences'
frequency distributions (5th percentile, median, mean, and 95th '
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percentile), a point estimate (PE), the fraction'of the_ total core darna ge - '|
frequency centributed -by this individual sequence (FRAC OF TOT), and the '

cumulative fraction of the total . core damage _ frequency (CUM FRAC).
Detailed discussions- of the charactecistics of each sequence are given in
Volume 2 of the LaSalle ' I report. For the Level II/III analysis, it was j

decided to analyze all sequences with mean frequencies in the Level I
analysis greater than or equal to 1.0E-8/yr. This included ~ the top 50
sequences out of the 113 sequences that were evaluated in the level I

!
analysis. I

The following procedute was used to group the cut sets into PDSs;

1, For each accident sequence, a table was constructed listing the
initial PDS defining questions across the top and listing each cut
set number down the side.

'

2. Computer printouts of - the - sequence cut sets from the accident i

sequence TEMAC calculations were obtained and each cut set was
examined. The answers. to each of the deftwing questions were
entered into the table,

3. A final table was constructed consisting of the unique PUSS for
each accident sequence.

The results of following this procedure are shown in Tables 2.4-2 thru
2.4-8 for the seismic, flood, LOCA, AWS, transient-induced LOCA, fire,-and
transient accident sequences, respectively. Each table presents a list of
all the unique sets of responses obtained for the PDS defining questions.
At this point the PDSs are not named or numbered, this was only done after
the final set was determined. The questions represe.nt the initial set of
questions used to define the PDSs and have been ordered to try and
facilitate the determination of groups of the PDSs (their relationship to
the final set used in the APET is described below). In the next step, the
questions are reduced to the final set of questions _ described in Section
2.3. An individual sequence may have cut sets in several- PDSs since each
cut set in the sequence can imply dif ferent answers to the questions. For

|_ example, some cut sets may have AC power failure while others may not, so
i systems may either be failed or recaverable depending on the specific cut

set.

The tables have the following column headings: SEQ - only one of the many
|~ sequences which might have had this PDS in it is shown (this is for

checking purposes), ANAL - from which subanalysis is this PDS, LOSP v the-;

status of offsite power, - SB - if a station blackout has occurred, L/R - . the
i status of the contaitunent (leak or rupture), VENT - the status of= venting,

CDT - the core 1 damage time, SRV - the status of the SRVs, ADS -- the status
| of the ADS system, RHR - the status _of the heat removal heat exchangers in
'

the RHR system, CSS, SPC, SCS the status of the RHR modes without asking-

if the heat exchangers are working, MW, CDS, HPCS, RCIC, LPCS, LPCI, CRD,i.

DDFW the status of the various injection systems PCS - the s tatus of --
,

the power conversion system, and DC, A, B- the status of DC power and the
_

indiridual AC power trains.

|-
I
,
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Table 2.4-2
,

Plant' Damage States Appearing.in LaSalle Level.I Dominant Sequences: Seismic Sequences .!
( ;

SEQ ANAL LOSP SB L/R VENT CDY ORV ADS 'RHR CSS MFW CDS HPCS RCIC-LPCS LfCI SPC CRD DDFW PCS DC SBIC A B SC3
~[

f
S1 EQ Y Y N h 8 N R R R R R R DF R R R R A R R F F F .R51 EQ Y Y N R 10,16 N R R R R R DR DF R' R R R A R R F F F R- '

; S1 EQ Y Y N R 10,15 N R DR R R R DR DF DR DR DR R A R R .F DF DF R IS1 EQ Y Y N R 10,16- N R DR R R R R DF DR DR DR R A R R F DF DF R |.S1 EQ' Y Y N R 10,16 N R DR R R R- DR DF DR DR DR R A R R F DF F R
bl EQ Y Y N R 10,15 N R DR R R R R DF DR DR DR R- A R R F DF F' R

[51 EQ Y Y N R 10 N A DR R R R P DF R DR DR R A R A F F DF R
~

'
S1 EQ Y Y N R 10 N A DR ,R R R DR DF R DR DR R A R A F F DF R
52 EQ .Y Y N R 10. N A DR R' R R R F DR DR DR R A R A F DT DF R

<

S2 EQ Y Y N R 10 N A DR R R R. R F R DR DR R, A R A F F DF R ,
S2 EQ Y Y F R 10 N A DR R R R DR F R DR DR R A R A F .F DF R

pS2 EQ Y Y - N R 10 N' A DR R R R DR F DR CR DR R A R A F' DF DF R

N
y Si = YLOSP-01.tXX and S2 - YLOSP-03.LXX in SEQ coltmn. The diff erence in the seismic sequences represented by the horard level effects !

e only the evacuation assumptions for the LaSalle analysis, since no seismic-induced failures except loss of offsite power were important. A
- a or -b was used to represent high vs low s,. respectively.

)
EQ = Earttrzale in ANAL column,

Ya Yes, N = No cr None, F = failed, R = recoverable, A = available, W = working; a D in front means delayed (i.e;, DF is deleyed failure b

Bor10=t.hetimecoredamesestartsinhoursI,

. x

10, if = core damage starts at 16 hours but the serience progresses similarly to the 10 hour sequence just shifted in time (n*51*ctin8 decey.
heat changes.
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| .- Table 2.4-4

Plant' Damage States Appearing in LaSalle Level I' Dominant Sequences: LOCA Sequences,

; ,

'

;
SEQ ANAL LOSP SB L/R VENT CDT SRV ADS RER CSS MW CDS EPCS RCIC L MS LPCI SPC CRD DDFW FCS DC SELC A B SCS!' '

,

'

,

LIA i, N N L F CF+X N A F F F F DF DF F F.A F DF A F A F A A F-L14 L N N L F. CF+X N -A F F F F DF DF F.A F.A F DF A F A F A A F
'

t

| L14 L M N L F CF+X N A' F F F F DF DF F,A F F LF A F A F A. A F
{

-|
1 L14 L M N L F CF+X N A F F F F DF DF F F F DF A F A F A A F!- L14 L M N L F CF+X N A F F,W F F DF DF F.A F.A F.A DF A F A F A A FLie L M N L F CF+X N A F F.W F F DF DF F F.A FA DF A F A F A A F

i

!

'
L = LOCA in ANAL column and Leak in L/R column.

L

CF+X means core damage occurs X hours after contairrsent f ailure due to injecticr "eilure frcxn severe envirert ents in the reactor building.
.. ;

a'

F.W or F A mean system is failed after containment failure due to the severe environments in the reactor building.
M
e

N
i

! '

I >

<

4

>

4

6

1
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$
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Table 2.4-6
; Plant Damage States Appearing in LaSalle level I Dominant Sequences: Transient-Induced LOCA Sequence's ;,

j

SEQ ANAL LOSP SB' L/R VENT CDT ..SRV-ADS RER CSS PEW CDS E M S RCIC LPCS LPCI SPC CRD DDDi PCS DC SBLC A B SCS f

4 TL12 TL N N N Y V+X 1 A .F F.W F F DF DF F F,A F.A F,A A F A F A A F [TL12 TL M N N. Y V+X 1 A F F,W F F DF F F F,A F,A F.A A F A F A A F )TL12 TL N N N Y V+X 1 A F F F DF DF F F.A F F,A A F A .F A 'A F {
^

TL12 TL ft N N Y V+X 1 A F F F F DF DF F,A F F F,A A F A F A A F
}TL12 TL N N N- Y V+X 1 A F ~ F,W F F DF DF F,A FA F,A FA A F A F A A F

TL59 TL N N N F 8 1 A F F- F F F DF F F F F A F A R F A . F j,i. TL59 TL Y Y N R 10 1 A DR DR R R R DF. R DR DR R A R R R F DF R iTL59 TL Y Y N R 10 1 A DR DR R R DR DF R DR DR R A R R .R F DF R
TL59 TL Y Y' N R. 10,16 1 R DR DR R R R DF DR DR DR R A R R R ' DF F R iTL59 TL Y Y N R 10,16 1 R DR DR R R R DF DR DR DR R A R R R DF DF R E

'

TL59 TL Y. Y N R 10,16 1 R DR :DR R R DR DF DR DR DR R A R R R DF F R
TL59 TL Y Y N R 8 1 R F F R R F DF F F F F A R A R F F F ;TL59 TL Y Y N R 10 1 R R R R R DR DF R R R R A R R R F F R

to TL59 Tl Y Y N' R 8 1 R R R R R R DF R- R R R A R R R F F Ry TL97 TL N N N F 1 1 A F F F F F F F F F F A F A A A A F
w TL97 TL Y N N R 1 1 A R R R R R F R R R R A R A R F A R ,

TL97 TL Y "Y N R 1 1 A R R R R F F R R R F A R A R F F R !

TL97 TL Y Y N R 1 2 A 'R R R R R F R R R 'R A R A R F F R.
TL97 TL Y Y N R 1 1 A F F R R F F F F F F A R A R F F F

qTL97 TL Y Y N R 1 1 A R R R R R F R R R R A R A R F F R 4

TL97 TL Y Y N R 1 1 A R R R R F F R R R R A R A R F F' R
TL97 TL Y Y N R 10 1 A .DR DR R R R F DR DR DR R A R A R DF DF R,

;
TL97 TL Y Y N R 10 1 A DR DR R R R F R DR DR R A R A R F DF R

, TL97 TL Y Y N R 10 1 A DR DR R R R F DR DR DR R A R A R ..- Dr. F R
j . TL97 TL Y Y N R 10 1 R R R R R DR F R R R R A R A R F F R

f

i

TL = Transient-induced LOCA in ANAL column.
L

4

V+X = core damage occurs X hours after venting due t,o injection system failure free severe environments in reactor building.
>

i
i

4

i

,

t

L
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, Table 2,4-7 (Continued)

Plant Damage States Appearing in LaSalle Level I Dominant Sequences: Fire Sequences

SEQ ANAL ICSP SB L/R VENT CDT SRV ACS RHR CSS MFW CDS EPCS RCIC LPCS LPCI SPC CRD DDfW FCS DC SBLC A 'B- SCS

,

. t
FIF FI N N L F CF+X N A F F F F DF DF F F F F,A A F A F A A F !FIF FI N N L F CF+X N A F F F F DF DF F F.A F F.A A F A F A A F {FIP FI N N L F CF+X N A F F,W F F DF DF F F,A FA F.A A F A F A A F t

FISAA FI N N R F CF+X N A F F F F DF DF F,A F F F A F A F A F F
! FISAA FI N N R F CF+X N A F F,W F F DF DF F,A FA F.A F A F A F A F F |' 'f2AA FI N N R F CF+X N A F F F F DF DF F F F F A F A F A F F I

;ISAA FI N N R F CF+X+Y N A DF F,W F F DF DF F.A F.A FA F A F A F A DF F
'

FISAA FI N N R F CF+X+Y N A DF DF F F DF DF F DF DF F A F A F A DF F
FISAA FI N N R F CF+X+Y N A DF DF F F LF DF F.A DF DF F A F A F A DF F i
FISAA FI N N L F CF+X N A F F' F F DF DF FA F F F A F. A F A F F

{FISAA FI N N L F CF+X N A F F ., W F F DF DF F.A F.A F,A F A F. A F A F F [
FISAA FI N N L T CF+X . N A F F F F DF DF F F F F A F A F A F F

{FISAA FI N N L F CF+X+Y N A DF F.W F F DF DF F,A F,A F,A F A F A F A. DF F , i
FISAA FI N N L F CF+X+Y N A DF DF F F DF DF F DF DF F A F A F A DF F !

7 FISAA FI .N N L F CF+X+Y N A DF DF F F DF DF FA DF DF F A F A F A DF F [bJ FISW FI N N R F CF+X N A F F F F DF DF F F I F A F A F A A F !"
f

FISW FI N N R F CF+X N A F F F F DF DF F.A T' F F,A A F A F A A F
FISW FI N N R F CF+X N A F F F F DF DF F F F F.A A F A F A A F
FISW FI N N 'R F' CF+X N A F F,W F F DF 'DF F.A F.A F,A F,A A F A F A A F [
FISW FI N N L F CF+X N A F F F F DF DF F,A F F FA A F A F A A F - h
FISW FI N N L F CF+X N A F F F F DF DF F F F F A F A F A A F

'

FISW FI N N L F CF+X N- 'A F F F F DF DF F F F F,A A F A F A A F ,

f
FISW FI 'N N L F CF+X N. A F F.W F F DF DF F,A F,A FA F,A a F A F A A F
FIT FI N N R F 'CF+X N A F F F- F DF DF F F F FA A F A A A F >

FIT FI N N R F CF+X N A' F F F F DF DF F F,A F FA A F A i A A F
.

FIT FI .N N R F CF+X N A F F,W F F DF DF F FA F,A F,A A T' A F A A F [
FIT FI 'N N' N Y .V+X. N A F F F F DF DF F 7 F F.A A F A F A A F ,

FIT FI N N N Y V+X- N A F F F F DF DF F F,A F F,A A F A F A A F !
; FIT FI N N N Y V+X .N A 'F F.W F F DF DF F FA F,A F,A A F A F A A F [

FIT FI N N L F CF+X N A F F F F DF DF F F F F.A A F A F A A F !

fFIT FI N N L F CF+X N .A F F F F DF DF F F,A F F.A A F A F A A F
FIT FI N N L F. CF+X N A F FW F F DF DF F FA FA F.A A F A F A A F

'

FIW1 FI N- N R F CF+X N A F F F F DF DF F.A F F' F.A A' F A F A A F
FIW1 FI N N R F CF+X N A. F F,W F F DF DF F.A F,A F,A f,A A F A F A A F

FIW1 FI N.. N R F CF+X 'N A F F F F DF - DF F F F F A F A F. A A F
FIk FI N N R- F CF+Y N' A F F F .F DF DF F F F' F,A A F A F- A A -F ;
FIW1 FI N N L F CF+X N A F F F F DF -DF F F F F A F A F . A A F

FIW1 FI N N L F CF+X- N A. F F.W F F DF DF F,A FA F.A F,A 'A F A F A A F

FIWI "FI' N N. L F CF+X .N A F F F F DF DF F F F F,A A F A F A A F
.

,

FIW1 FI N N- L F , CF9 N A. 'T F F F DF DF F,A T' F F.A A F A F A A F

FIW2. FI . N N' R F -CF+X N A F F,W F F DF 'DF F.A F,A F,A F.A A F A' F A A F !

f

_
-

._ _ _ _ ..___.__m_._
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Table 2.4-8
Plant Damage States Appearing in LaSalle Level I Dominant Sequences: Transient Sequences

_

SLQ ANid., LOSF SB L/R VENT CDT SRV ADS RfIR CSS IFd CDS HPCS RCIC LFCS LPCI SPC CRD DDFW PCS DC SELC A B SCS

T100 T Y Y N R t N A R R R R R R F R R R A R A R F F R
T100 T N N N R 1 N A F F F F F F F F F F A F A F A A F
T100 T Y Y N R. 1 N A R. R R R F R R R R R A R A R F F R
T100 7 Y Y N R 1 N A R R R R R F R R R R A R A R F F R
T100 t Y Y N R 1 N A F F R R F R F F F F A R A R F F F
T100 T Y Y N R 1 N A R R R R R F R R R R A R A R F F R
T100 T N N N A 1 N A F F F F F R F- F F F A F A F. A A F
T100 7 Y .Y N- R 1 N A R R R- R R R :R R R R. A R A R F F R
T100 T Y Y N R 10 N A DR DR R R R R DR DR DR. R A R A R DF F R
T100 T Y Y N R 10 N A DR DR R R R R R DR DR R A R A R F DF R
Ti^D T Y Y N R 10 N A DR DR R R R R DR DR DR R A R A R DF DF R
T100 7 Y Y F R 10 N A DR DR R R DR R R DR DR R A R A R F DF R
1100 T Y Y N R 10 N R R R R R DR F R R R R A R R R F F R
T101 T Y Y N R 1 N R R R R R R R R R R R A R R R F F Rg

s T16 T N N N Y V+X N A F F F A DF DF F F F F.A A F A F. A A F

[ T16 T N N N Y V+X N A F F F A DF F F F F F,A A F A F A- A F
T16 T N N N Y V+X N A F F F F DF DF F- F F F,A A F A F A A F
T16 T N N' N Y V+X N A F F,W, F A DF- DF F F,A F,A F,A A F A F A A F
TIS T N N N Y V+X N A F F,W F F DF DF F,A FA F,A F,A A F A F A A F
T16 T N N N Y V+X N A F FW F A DF F F F ,/. F,A F,A A F A F A A F
T16 ? N N N Y V+X N A F F F F DF DF F,A F F F,A A F A- F A A F
T16 T N N N 't V+X N A F- F F A DF F F F,A F F,A A F A F A A F'
T16 T N N N Y V+X N A F F,W F A DF DF F.A FA F,A F,A A F A F A A F
T16 T. N N N Y V+X F. A F F F A DF DF F F F F A F. A F A A F
T16 I N N N Y V+X N A F F F .A DF DF F,A F F F,A A F A F A A F
T16 T Y N N Y V4X N A F F R R .DF DF F,A F F F,R A R A F A A F
T18 i N N L F CF+X N A FA F.A F A DF DF F F-A F,A DF A F A F F A F,

T16 T N1 N L F CF+X N A- F.A F,A F A DF DF F.A F,A F,A DF A F A F A F F
T18 T N N L F CF+X N A F F F A DF DF F,A F F DF A F A F A A F
T1e T N N L F CFtX N A F F F A DF DF F F F DF A F A F A F F
TIS T N N L F CF+X N A F F F A DF DF F F. F DF A F A F A A F
T18 T N N L F CF+X N A F FW F A DF DF F,A F,A FA DF A F A F A A F
T18 T N N L F CF+X N A F F F A DF F F F F DF A F A F. A A F
T18 T N N L F CF+X N A F F F A' DF DF F F F DF A F. A F F A F

T20 7 N N R F CF+X N A F F F A DF - F- F .F F DF A F A F A A F
T20 T N N R F. CF+X N A F.A F.A F A . DF DF F,A F,A F.A DF A F- A F A F F
T20 T N N R F CF+X N A F F F A DF DF F F F DF A F A F A F F
120 T N N R F CF+1 N A F F F A DF DF F F F DF A F A F F A F

T20 T N N R F CF+X N A F F.W F A DF DF F,A F.A F.A DF A F A F A A F

_
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Table 2.4-8 (Continued) 'i

Plant Damage States Appearing. in LaSalle Level I Dorninant Sequences: Transient Sequences
;

SEQ ATtAL LOSF S*~ L/R VENT CDT SRV ADS RER CSS !"Si CDS HPCC RCIC LICS LPCI SPC CRD DDFW PCS DC SELC A S SCS

>

L

T38 T N N L F CF+X N A F F F A F.A DF F,A F F DF A F A F A F F
T38 T N N L F CF+X N A F F F A F DF F F F DF A F A F A F -F ['
T38 T N 'N L F CF+X N A F F,W F A F .DF F F.A F.A DF A F A 'T F A 'F ;
T3e T N .N L F CF+X N A F F F A F.A DF F F.A F- DF A F A F F A F i
T41 T N N N F SRV+X N A F F F DF F DF A F F F A F A- F A F F k

T41 T N N N F SRV+X N A F F F DF F DF F F F F A F A F F A F .[
T41 'T N N N F SRV+X N A F W F DF F DF F A A F A F A F F A F ;I T41 T N N N F SRV+X N A F F F DF F- DF F A F F A F A F F A F j
T41 T N N N F SRV+X N A F' W F DF F DF A .A A: F A F A F A F 'F
Y41 T N N N F SRV+X N A F F F DF F DF F F F F A F A F -A T F
T47 T Y N L F CF+X N A F F.W F A F DF F F,A F,A DF A F A F F A F I

T47 7 .N N L F CF+X N A F F.W F A F DF F F,A F,A DF A F A F F A F
T47 T N N L F CF+X N A F F,W F A F DF F,A F,A F,A DF A F A F A F e '

sa T47 T N N L F CF+X N A F F F A F,A DF F - F, A F DF A F A F F A F
' T47 T N N L F CF+X N A F F F A F,A DF F F,A F DF A F A F F A F

No T47 T N N L F CF+X N ,A F F F 'F F.A DF F F,A F DF A F A F F A F
T47 I N N L F Cs +X N 'A F F,W F F F DF F F.A F,A DF A F % F F A

'

!I
T47 T N N L F CF+X N A F F F F F DF F F,A F DF A F A F F A. .F *

TSO T Y N N R SRV+X N A F W R R R DF DF A A F A R A R DF A R |TSO T N N N F SRV+X N A F W F F F DF F A A F A F A F A A F
TSO T Y N N R SRV+X N A .F W R R R DF A A A F A R A R A F R

7
TSO T N N N F SRV+X N A F F F F F DF F A F F A F A F A A F
TSO T Y N N R SRV+X N A F W- R R R DF A A A F A R 'A R A DF R
TSO T N N N F SRV+X N A F W F F F DF F A A F A F A F F A F '

T50 T Y N N R SRV+X N A F W R R. R - DF F A A 8' A R A R F A R
T55 T N N L F CF+X N .A ,F,A FA F A F,A DF F,A FA F.A DF A' F A F A. F F [
T59 T Y N N F SRV+X N 'A F F F F F DF A F F F A 'F A F A F F

T59 T Y N N F SRV+X N A F F F F DF DF A F F F A F A F A F F

T59 T Y N N 'F. SEV+X+Y N 'A DF DF F F DF' DF A UF DF F A F A F A DF F |
| T$9 I Y N N F SRV+X+Y N A' ,DF DF F F F DF A DF DF F A F A F A DF F [

T62 T Y Y N R 8 N R- ,F F. R R F DF F F F F A F R F F F F ;

T62 7 Y Y N R 8 N R. R R R R R DF R F. R R A R R R F F R ..

T52 T Y,N Y N F 8 N A F' F R FA F . DF F F F F A F A F F F F |

762 T Y,N Y N F 8 N A F F R F F DF F F F F A F A F F F F t

762 T Y Y N R 10 N R R R R R DF DF R R R R A R R R F F R
'T62 7 Y Y N R 13 N 'A. DR DR R at DF DE R DR DR R A R A R F DF R

l T62 T Y Y N R' 10 N A DR DR R R R LF R DR DR "R A R A R F DF R. ,

T62 7 Y Y N R 10,16 N 'E .DR DP. R R R DF DR DR DR R. A R. R R DF f R g

T62 T Y ~Y. N. R 10,16 N R . DR. DR R R R DT DR DR DR .R A R R- R DF DF R
,

T62 7 .Y. Y N R 10,16 N R OR DR : ' R R LF DT DR DR DR R- A R R R DF F R

.

*
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=The above procedure is -labor intensive because of the-large number of cut -
sets involved in the LaSalle analysis . - 11,656 cut sets in the top 50
sequences after truncation in the. Level 1 analysis. Each cut set had to
examined and classified. -However, it is necessary - to look at all of these
cut sets for the following reasons:

1. = to - be- assured of obtaining a resolution of the PDSs to the same
level of detail as used in the rest of the analysis,

2. to minimize the chance of missing a significant~PDS (probability or
consequence) and having to go back and modify the APET,

3. it ' reduces sign $ficantly the chance of ercurs in the PDS
definition, and

4. if a PDS is left out, it insures a greater chance that at-least the
defining characteristics will be in the APET structure (1,e, *he .

ch4racteristics represented by the initial questions will be in the .

APET).

Af ter the cut sets were regrouped, point estimate TEMAC calculations were
performed on .the larger plant damage states in order'to truncate the cut
sets at 99% of the remaining probability. The final number of cut- sats
retained for the Level II/III analysis was 5508.

2.5 Final PDSs

clearly, examination of Tables 2.4-2 thru 2,4-8 shows that there are too
many PDSs defined for propagation through the analysis (roughly 300). In

order to reduce the number of PDSs to a manageable number, the following
procedure was followed:

1. Tables 2.4-2 thru 2.4-8 were combined into one table with all PDSs
and all accident sequences.

2. The PDSs were sorted in various ways to determine if there were any- -

natural groupings of similar PDSs. The - sorts were done by
rearranging the columns to put the most important characteristics
or characteristics that tended to divide the PDSs into large groups

first. The patterns- obtained were compared and - the PDSs were
divide into groups which were assessed to have similar accident
characteristics,

3. Af ter sorting and comparing the groups defined by these sorts. one
particular ordering of the questions was selected to- be used to
define the final grouping. This ordering is shown both in the list
of initial PDSs given in Tables 2,4-2 thru 2.4-8 and in the final
list of PDSs e ven in Table 2.5-1

.
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Table 2.5-1 (Continued)

Final LaSalle Flant Damage States

FDS SEQ ANAL LOSP SS L/R VENT CDT CRV ADS RER CSS M. W CDS EPCS kCIC L KS L N! SFC CRD DDFW KS DC SELC A 5 SCS

....... . _ ..... .. _.--- _--... -___.--_._ --_.---_--- ----..-_-_... .._..

. . - - _ - - - - - . . . . . . . . - - . . . . - - _ . _ . - _ - . _ - . . . . - -
3

IA2-a A49 A N N N Y 1 1 A F.W F.W A A CF F DF DF LT DF A F A F A A CF
3

A49 A N N N Y 1 N A F,W F.W A A DF F DF DF DF DF A F A F A A DF

A120 A N N N Y I N A F,W F,W F A DF F DF DF DF DF A3 F A F A A DF

- . - - - . . . . . - - . . . _ - - - - - - . . . . - - . . . . . . - - - - - - - - - . . - - . . . . . . . - - - - . _ . . . . - - . - - . . . . - - . . . . . - - - - - . . - - _ - - - - - - - - . . - - . . . . . . - - - - . - - - - . . . - . . . .
3 F A F A A DF

I A2-b A120 A N N N Y 1 N A F,W FW F F DF F DF DF DF DF A
3 F A F A A DF

A120 A Y N N Y 1 N A F,W FW F F DF F DF DF DF DF A

. - - - - - - - - . . _ . . . . - - . . . - . . . . . . . . . . . . - - - - - - - . . - - . . . - . . . - - - - - - - - - - . . . . . . . . . . . . . . . - - - . - - - - - - . - - - _ - - - - - - . . . . . . . . . . - - - - - - - - - - . . . . .
3 F A F A A DF

IA2 A49 A N N N Y 1 N F F.W F,W A A DF F JF DF DF DF A

Ill L14 L N N L F CF+X N A F F F F DF DF F F F CF A' F A F A A F

L14 L M N L F CF+X N A F FW F F DF DF F FA F,A DF A' F A F A A F

S T F F F A F A F A A F
IT1 T100 T N N N A 1 N A F F F F F A

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

i ha IT2-a T100 T Y Y N R 1 N A F F R R F R F F F F A R A R F F F

. . . . . . - . . . . . . - - . . . . - - - . - _ . . . . . . . . . . - - - . . - - . . . . . . . . - - . _ - - - - - - - - - - - - - - - - . . . - - - . - - - - - - - - . - - - - - - - . . . . - -1 * .--...--.------......_. ---.

LJ IT2-b T100 7 Y Y N R 1 N A R R R R F R6 R R R R A R A R F F RW

T100 T Y Y N R I N A R R R R R F R R R R A R A R F F R6

- - - . . . . . . . . . . . . . - - - . . . . . . - - . . . . - - - . . . . - . . . . - - . . . . . - - . - - . - - - - - - - . . . - - - . . - - - - - - - - . . - . . . . . . - - - - - - - - - - - - - - - - . . - - - - . . . . . - - - - - - - - -
IT2-c T101 I Y Y N R 1 N R R R R R R R R R R R A R R R F F R

- . - - - . . . . . . - - - - - . . - . - . . . . . - - . . . . . - - - - - - - - - - - - - - - . . - - - - . . - - . - - . . . . - - - - . . . . - . . . . . . . . - - - .
f

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

IT3-a T62 Y Y Y N R 8 N R R R R R R DF R R R R A R R R F F R

. . . . . . . - - _ - - _ . - - _ _ _ - . . _ _ - . . _ _ . . . . - - - . . . - - _ _ . . . _ - . . _ . . . - - - - . . _ . . . . . _ - _ _ - - - _ - _ _ _ _ _ - - _ _ _ _ - . . . - _ - - - _ _ - . - - . . . . . . - - - _ - - - . . - _ . . . _ -
;

IT3-b 762 7 Y Y N R 8 N R F F R R F DF F F F F A F R 1 F F F

.......- -- - --- .--- -------.....-------_-....--...--..... - --......_....._-----......--..-------.... ------- ----_ _.--------.--._.2
IT3-c T62 T Y,N Y N F 8 N A F F F F F DF F F F F A F A F F F F

----....-.--- -...--..-- --....---..- ---- --_. -
|

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

IT4-a TS2 T Y Y N R 13 N A DR DR R R DT DF R DR DP R A R A R T DF F.

_ _ . - _ . . _ _ - - - - - - - . _ . - . . . . . . . - - . . . - _ . - - - - . . _ - . - - - - - _ - _ _ - . . . . _ - - . . _ - - - - - - . . . . . - _ - - - - - - . . . . - - . . - . - - - _ - _ . - - . - - _ . . . . . . . . . . . . . - _ . . .
IT4-b TE2 T Y Y N R 10,16 N R DR DR R R DF DF DR CR CF. R A R R R DF F R

TE2 I Y Y N R 10 N R R R R. R DF DF R R R R A R R R F F R

- . . - _ - - . . . - - - - - - - - - . _ . - . . . . . . . . . - . _ _ _ - _ - _ . - - . _ - . . . - _ - _ - . - _ . . . . - . - _ _ _ . . . _ . . . . - _ - - _ _ - - . . . . . - - . - - . . . . . . - - . . - - - . _ _ - - - - - . . _ .
7 3 F A F A A F

IT3-a T16 T N N N Y V+X N A F F F A DF Dr F F F F A
7 3

TI6 T N N N Y V+X N A F 7,W F A DF DF F F,A F,A F,A A F A F A A F

. - - . . . - - . . - - . . . . . . . . . . . . . . . - - _ . . . . . . - - _ . . . . . . . . - - - - . . . . . . . . . - - - - - - . . . . . . . . - - - - - - _ . . . . . - - - - - . . . - - - - - - . . - - - _ - - - - - - - - - . . . . . - - - - - -
3 F A F A A F

IT5-b T16 T N N N Y V+X N A F F F F DF DF F F F F,A A
3 F A F A A F

T16 T N N N Y V+X N A F F.W F F DF DF F,A F,A F,A FA A

. - _ _ - . . . . - - _ . . . . . - - - _ . . . . . - . . . . . . _ . - . . - _ - _ _ _ . . - - - _ . . - - - . . . . . . . . . . - - . _ . . - - - - - - . . - - - - _ - - . . _ - - - - - - - - - - - - - . . . . - . . - - . . - - - - - - - - . . . .3 R A F A A F
ITS-e T16 T Y N N Y V+X N A F F R R DF DF F,A F F F,R A

_ _ _ _ _ _. . . .,

-

- -

,
-

-

- -- -

,
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4. Once the final ordering .of the questions was determined. .. all
similar PDSs were re ved from the list (i.e., many sequences-had.
PDSs that were iden tcal -to those in . another sequence). This
reduced set of unique PDSs was then resorted in order to group PDSs
with similar characteristics together,

5. Starting with the first - question, the PDSs were grouped and

'

subgrouped depending on whether or not the first n questions h d-
,

similar answers. There were still too many PDSs remaining. The
answers to the questions were examined further and, for cases where
the answers to subsequent questions would not be relevant or impact
significantly the accident evolution given the anssers to prior
_ questions, the PDSs were formed into larger groups.

The result was the definition of 53 PDSs and sub-PDSs (i.e., a sub PDS-
,- results when a distinction is made in the case structure of one of the

initial questio.ns in the APET, see question 2, case 4 where PDS IT5 is
; split into sub-PDSs ITS-c and IT5-a+1TS-b, this distinction was - not

considered significant enough to be worth defining a completely different'

PDS) as shown in Table 2.5-1. All of these were not used - in the final
-

analysis. Because some systems were already given credit for recovery in
the Level I analysis and because severe environments - occurred . in - the
reactor building and to some - extent in the turbine building af ter
containment failure, the following sub-PDSs were combined: ITS-a and ITS-b,
and IT8-c and IT8-d. Also, the CDS and DDFW were changed from available to
failed as noted in the table. The following PDSs, which . differ only in,

| whether or not the containment failed by leak or rupture, were e mbined

,
since the IJIS sample would specify the exact containment failure mode so

'

this does not need to be explicitly called out in the PDS definition: FI5 a
and FIS-b, FI6-a and FI6-b, IT8 b with IT8-c and IT8-d, IT9-n and IT9-b,
IT10-a and IT10-b, and IT11 a and ITil-b, For the final-analysis, 30 PDSs
and 16 sub-PDSs were used. Because of the large number of PDSs defined in
this analysis, each PDS is not described.in detail. The characteristics of
the individual PDSs can be obtained by an examination of Table 2.5-1.

Summary groups are defined later and these are tracked through the
analysis.

The ordering of the questions in the APET as described in' Section 2.3 is
- different frm.a the ordor used in Table 2.5-1. This is because the order in
th APET . conforms roughly to the time order of events ' (i.e . , initiating.
eveat, high pressure inj ec tion, depressurization, low pressure injection,.
containment heat removal, containment failure, and core damage) while the
order in Table 2.5-1 was selected for purposes of defining similar groups.
It should be noted that the SEQ,.SPC, DDWF, PCS, A, B, and SCS-questions
were not used ' in the final definition. Either it was not necessary to |
carry the _information through the analysis (SEQ) or the answer was l
determined by other questions that were used (A, B, SPC, DDFW, SCS, PCS). J

:

'|
|
1

-
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2;6 Construction of Level I DlS Sample'For Level II/III Analysis

In order to construct a'n integra ted LHS sample. for the Level II/III
analysis, the important variables for the Level I analysis - have to be
selected. The following -- procedure was used - to construct the - Level . I :
portion of the final dis sample for the Level II/III analysis:

1. The cut sets from the sequences were regrouped into plant damage
states and sub-PDSs by editing the TEMAC . cut set file for each
sequence. The cut sets were moved from the accident se'quence files-

to new files for each PDS and sub-PDS. Because of the large number
of cut sets and the level of detail used to define-the PDSs, it is-
not possible to give a listing of which cut sets went where. In
some cases, in sequences with thousands of cut sets, every other
cut set went to a different PDS. This information is,.therefore,
available only on marked up computer output and in the handmade.
tables used to classify the cut sets.

2. After regrouping the cut sets from the accident sequences into
PDSs, a full uncertainty calculation was performed for each PDS
and/or sub-PDS using the TEMAC code.

3. The list of event < appearing in the cut- sets for the uncertainty
importance measure for each PDS or sub-PDS was put in a file and
all events contributing greater than or equal to a 5% reduction in
the uncertainty in the log of the core damage frequency for any PDS
or sub-PDS were retained for the uncertainty evaluation. In some
cases, variables contributing less than 5% were retained, e.g., if

no variable contributed at least 5% or if -only a few variables
contributed to the PDS. All other events appearing in the cut sets
were frozen at their mean values.

4. This file was then sorted and duplicates removed.

5. For all events appearing in the final list, the primary Uls
variables were identified. In the TEMAC input files, all other
primary U!S variables were frozen at their mean values.

6. Ful1 uncertainty calculations were again run on each PDS or sub-PDS
using TEMAC and the results of this limited sample wre compared to
the initial calculation with all variables being sampled. If the
resulting top event uncertainty distribution was similar to the
original distribution then ---the process was complete. If the
distributions were .not similar, then additional variables
representing events for that PDS vere added-to the UIS sample. .The-
process was repeated until an accorate representation of the
initial distributions was obtained for all PDSs and sub-PDSs,

Table 2.6-1 contains a complete li e rf the Level I variables selected for

inclusion in the final Level II/II 'S sample. The table contains: the
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j Table 2.6-1 (Continued)
! Variables Sampled in the Accident Frequency Analysis<

:

! Variable LHS Range Distri- Corre- Correl. Description
# bution lation with

& Case
a

CFM-37*ll19 10 1.7E-5 Imgnormal Rank 1 1,5,6.9 Relay coil failure to energize and remain<

j 9.6E-2 M-3.4E-3 14 energized. Test interval 3 months and 24 hr;
; operation.
i

M2 11 1.5E-5 legnormal None Motor-driven pump unavailable due to maintenance
8.5E-2 M-2.9E-3 (non-safety pump) .

; Cni-3 12 1.5E-4 Lognormal None Turbine-driven pu:cp failure to operate on demand.
1 0.85 M-2.9E-2
1 m

|- h CFM-57*1095 13 3.lE-5 Lognornal None Heat exchanger fails due to blockage. Test
; .0.17 M-6.0E-3 interval 3 months.
..

!

! CPA- 37*13140 14 5.0E-4 Lognormal Rank 1 1,5.6.9 Relay coil failure to energize and remain
0.75 M-3.9E-2 10 energized. Test interval 3 yrs.

i

| T1 15 0.46 Iognormal None Turbine Trip With Bypass initiating event
j 28.3 M-4.5 frequency.
!
l' TS 16 0.061 Lognormal None Total Loss of Feedvatet initiating event
| 3.8 h-6.0E-1 freque ncy.
7

T9-10 17 5.lE-4 Lognormal None Initiating event frequency for the loss of a;

i 3.1E-2 M-5.0E-3 specific 4160 VAC or 125 VDC electrical bus
,

|- Til-12 18 3.0E-4 Lognormal None Initiating event frequency for loss of instrument
; 1.9E-2 M-3.0E-3 air or drywell pneumatic system.

I
BATT-BETA 19 4.1E-3 Lognormal None Conditional probability of common cause fallute of;

I 0.25 .M-4.0E-2 batteries given.one has failed.
;

I

i

i

;
,. , , . . . - .- . . _ . . . _ . . . . -,. _ .-. _ _ _ _ _



|)i |J| |)

. f
s o f

or .

y e e r
n r m e n

_ a3 u i t o
f l . t f i

l i d a t
ea a n g e a
r v f a n e s rl
or m i s o e a .

t e e e . t o l pcn
st s d r

-

l c oioe
en u h . c e ti
ri a n d t e r l it

c o 8 n p r ara
ot a o o mci
t s n t m o t r t

. r . e r t oaie o
eT =d a n d h g n n
r me t u g n l i
u ol s - n 4 n i * o

ci o 2 i l 1 rcl .

i e a o o l i t i
ac ff t t t l a . pnt
f n o r . a f r uoa _

a s e e a n f o ocm
rn ya r r t u st r o
oe t - u -2 s r V V a got

1
s t t i l l R Ri t u ,

S t m ai an l e i i o o S .

s ri i n a a t t r i ot
y ea b o f f eo on rno
l pm a e e nt wi f et
a o b n r r r r oa t n

u u i t norn r oe o o .

A f e rv t t e l l f t f n opo
ot pi a ac i i oi oe imi

y f g r ri a a n i t or
c n ya l e et f f yi ys c cp
n o t as n n t t n a
e i i y n: e e g r r it i a rr>

u t ll om g gn o o l n l r yoe
q p i t i u i t t i e it r t

) e i b c t p l l t o o bi b e med r r ae i e ea m m as ar vem
- eF c b r dI s sr b n b e ot au s or nC e ee n n oa ot c srn t e ro oP i ip a a rr rf e ya

i n D P c CL D D o F F P t P a R sp
t en do iC c( c l

A e1 rh- e rt 7 6
6 2 2h oi

t C w2
n 1 1e i - nl eo e e e e e e k k e

b d ri n n n n n n n n na e rt o o o o o o a a oT l oa N N N N N N R R N
.p Cl

- m
a

S

s l l l l l l l l l

e a3 a a2 a2 a4 a4 a3 a5 a3a- m- m- m- m- m - r -l - m- n
t

b in rE rl rE rE rE rE rE rE rE
a ro o4 ol o5 o9 o0 o4 ol o3 oI

n n n n n n ni t i n n .
g2 g1 g3 g2 g8 g9 g2r st g1 g0

a iu o- o- o- o - o- o- o - o- o -
V Db lM LM LM LM LM LM LM LM LM

62 3 3 53 53 42 73 5 2
- - 1 - - - - - - - - - - - -e

g EE 1 9 E6 E4 EE EE EE EE EE
n 9. O 06 51 45 G9 45 00 7 7 7 0
a . . . . . . . .

R 64 00 20 90 3 1 21 48 42 24

S
H* 0 1 2 3 4 5 6 7 8
L 2 2 2 2 2 2 2 2 2

4
e * P 8 2
l A D * *
b e 80 MA 1 2 3 4
a s 1 4 - T 3 3 7 7 1

Gi a M1 I E - - - -

r C *3 CB M M M M -

a 3 1 P - F F F F 1 2 A
V 6 H L C C C C Q Q R

[o

i1! jII|l|(||| 1



I:|!:[,Ik !f;Ii Ii!I ,' i ;;[ [|ti tf' rI(!!!f!|i[; ti *

n e g o-

f o f er mn f t
. odi o r r ai l ona- et t u o rr eh o

nt a n s . s t ca vt eis
oar o e s a si ei dt es
ire i t e r t l w i at
t ep t rm e oi rcu
apo a h pe n t n rt rin
ro r t t e i en edi
e m e n w g m t e vn m- spyo p o o eA at oi
ol o o m l y l t C ws

l r o s e sO di l t0
l a l t I f s yL es ac8
aml a o e s en ue-

cr o ud e i f o nr
er d n r c aioo r ne .

L nt al r s u o o' n md .

n Mi e U r . i il es: s o a w es t t ae : o s: s vr cn mv 2nl1 t : f oc1 n 3 p 2 e oh ee e 1 ae n h r c ti ll n fpn pc r p e7 os o . pee
uoh ui e up r2 r n rak uh
opw oh v o pa t n ows
r m rw i r on r noa r i

. l gh ti rt ot t gl,
go g

s c m se e g h o c a
o mt t d mi st t a tT mnli mm

s od o ona o ri c onS oga
y re rer o rh ow a rr t eC rin_

l fl f ne t f t e v . f sgea l l op n ae r eee -itrr . f r h- nl sn no o npo e n
A or r om r oe eu e a uS t oo

i t t i oy u ih pl h lE i r

w oi t iT m tt t
.

y t n n t cl l t- .

c n co o c l i c e a r aA o cna-

n o ac c ara a a l ff f o f r aoh _
sb o ot nf cte i oc f .

u t yye y i l y a e c ra y , .

q p rl h rst ya r ml er e a o p re t
. t gu es s cema rv e ei ra r e) e i el t .d r r va s vem er vt a uw u rt an- vl t e

eF c ouml ot o t e o v ld l n rie oasrsu s cnoi cst t t c a ir i ee erk cfi rn t e eara eyu an eyn aa ahv pua e xo
.

i n D R mff R sa Bi R su Fh Ft e Od m R aec- t en- do iC c . .

(
.. c l
.

A e1 rh- e rt
6. h oi

t C w2

ne i - nl eo e e e e e e e e
_ b d ri n n n n n n n na rt o o o o o o o oTel oa N N N N N N N N

p Cl_

m
a y y
S p p

o o
s l l l l r l r l
e a3 a3 a4 a3 t a5 t a3
l - m- m- m- m- n m- n m-

rE E0 rE E rEb in rE rE rE -
o1 4 o0 5 o4a ro o5 o5 o5

n n n n ni ti n .

r st g1 g2 g3 g2 x0 g1 x0 g3

a iu o - o- e - o- a- o - a- o-_

V Db LM LM LM LM MM LM MM LM

62 32 62 52 84 57
e - - - - - - - - - - - -
g EE EE EE EE 40 EE 00 EE
n 95 34 80 l2 00 08 10 79
a . . .

R 74 17 11 16 01 52 01 19

S
# 9 0 1 .2 3 4 5 6l

l
.

I 2 3 3 3 3 3 3 3
.

_

'M
7 W 0

P 2 F 8
e D - M -

l T W S 2
b e l F H L 1
a s i 3 - 2 G I -

i a G G T G D AM 3
r C - - T - - S F8 -

a A A A A A P F - A -V .& R R B R R R O R

7$

!i'| <I1<l | : :|j1 {j! !: ii||I !|!-f < ] ,1 ii j|!!|!|f ,[;j .'



Ii :!a k[.:t! f Lif ,!,j|:i i i[I { tit [j! t r ; } t'. | i E* [ [ t. }I iI j:t f, :kle

-

.

-

.

.

o t
f t s
on a.

o .n l f f f f
eis u o o o o.

L. d t e r e
S.'i at 4 s . - e e e e .

rcu o 2 ul rA k k k k ,

_ rin t o A - a a a a
- edi r or 1 u u u u

-

_

vn m e o
-

t t n0 q q q q.

oi r f4 n i0 h h h h
_ u 7 t o - t t t t

l t8 l n- s c dR r r r r
ac6 i uM e eU a a a a
ue a rF ul sS e e e e
nr f C qe u
ai d ev t n n n n
md . t nd R e rn a a a a

_ e i an l ee
os u a : t v r r r r:

2 nl c t 0 r ae o o o o
r r3 1 o w f f f f1 an i a7 f d yp e. f c t - p er y y y y

o +. s sM us e e c c c cu .
l F om f v n . n n n. . .

r i o oC re o el e2 e3 e4 -

gl r t gt nc uL u1 uL uI .

s a t f s ie q q q q
-

i mnl n no my ar el el el el
s oga o a os c r e r e re re
y rin c f n r t f v f v f v f v

f n e e e el f s g o f "e oe tl tl tl tla i r ai
n nl s oe t ng = n n n n

o e n ed ed ed edA oo t r f a
i r ai on ib r o vr vr vr vr

y t t t rt i t r ur e a ea ea ea -c n cna e tb ca l i z z z z_

n o aoh nn l m aG i v ga ga ga ga
e i ct e u uo an nh nh nh nhy"u t y . gr aC f e i i i i
q p re t f rf t c t c t c t c)

_ d e i es s c l r . e o e ai ai ai ai
r r vl t e eu l s v or im i = im iceF c oasr s o ar oe d t s t s t s t s. .nnu s cfi r eh cu cn i i ii ii i -n t e e xo i oo ei a e ne ne ne ni n D R aeC D8 Lh Rl Rs I s I s I s It .

n edo iC c .( c l 7 7 27 37 47
A e 4 4 44 44 44,1 rh - - - - - -
e rt 2 13 14 15 16

6. h oi 4 44 44 44 4 4 .
t C w2
n 1 1 1 1 1e i - n -. l eo e e e e k k k k kb

_ d ri n n n n n n n n naTe rt o o o o a a a a a
l oa N N N N R R R R R .

.p Cl
=
a y y .

S p p
o o_ .

s l l t r r l. l
e a2 a3 s4 t t a4 a4. . l l

a4 a5
l - m- m- i - n n m- m, m- m- _b i n rE rE DE E9 E1 rE rE rE rE
a ro o8 o7 4 0 0 o1 o6- o4 o1

n ni ti n n r
r st g1 g2 e5 x0 x0 g5 52. n n

. g1 gA
a iu o - o - s - a- a- o- o - o - e-
V Db LM LM UM RM MM LM LM LM LM

5 . 52 43 32 7 2 S2 S2 93-
e - - - - - - - - - - - - - - -
g E1 EE EE 10 EE EE EE EE EE .-

- n' 95 49_ a . 2 ?. 00 0. O 10 3B 61 98
. . . .

_ R 8O 17 12 01 5 3 33 91 21 47

S
H = 7 8 9 0 1 2 3 4 '5
L 3 3 3 4 4 4 4 4 4

M
8~ C
6 C 1 2 3 4

e - - L L L L_

l 2 N 0 - - - -
b .e 1 E 5 1 I l I I

Xm S
J E E E Ea s - G 1 -

i a 3 - - G F S S S S-r C - - - - - --

a A G - N A F E E E Ev & F D P. M I l I I

7x9

-

_ !i ,! 11J43 % |* .I.fi.;i,, j 'i 4s ! | ii|:|{4 3,! } |is|!; ,]i i;||; . ' ; -



i|||I | Ij 1|| |

_
,

,

. .

_ I , . . . . .

L 1 2 3 4 5 6
. f f f L L L 1 L L L

o o o m m m m m m n
ol ol ol ol ol ol ol

'e e e re re re re re re re
k k k f v f v f v f v f v f v f v
a a a e e e e e e e
u u u gl gl gl gl gl gl gl
q q q n n n n n n n
h h h if if if if if if if -

-t t t t o t o t o t o t o t o t o
r r r l l l l l l l
a a a um um um um um um um
e e e ss s s s s ss ss s s ss

ei ei ei ei ei ei ei
n n n re r e re re re re re ,

na a a s s s s s s s
P P F P P P P

r r r S m S m S m S m S m S m S m ,

o o o Oo O o O o O o D o O o Oo
f f f Lr L r L r L r L r L r L r

f f f f f f f m

y y y f f f f f f f
oe oe oe oe oe oe oec c c .

n nI r r r r r r rn . .

e5 e6 eL yu yu yu yu yu yu yu
uL uL uL tl tl tl tl tl tl tl

s q q q ii ii ii ii ii ii ii
i el el el l a l a l a l a l a l a l a
s re re re if if if if if if if
y f v f v f v b b b b b b b.

l e e e ar ar ar ar ar ar ar
a tl tl tl b o b o b o b o b o b o b o
n n n n ot ot ot ot ot ot ot.

A ed ed ed ra ra ra ra r a ra ra
vr vr vr pl pl pl pl pl pl pl

y ea ea ea u u u u u u u
c n z z r l s l s l s l s l s l s l s
n o ga ga ga an an an an an an an
e i nh nh nh ni ni ni ni ni ni ni
u t i i i o o o o o o o ~
q p t c t c t c ic i c i c i c i c i c ic)

d e i ai ai ai ti ti ti ti ti ti ti
r r i m i m i m i m i m i m i m i m i m imeF c t s t s t s d a d a d a d a d a d a d au s i i i i i i nr nr nr nr nr nr nrn t e ne ne ne oe oe oe oe oe oe oei - *n D I s I s I s S c C c C c C c C c C c C ct en do iC c .

( c l 5 6
A e 4 41 rh - -

- e rt 17 16.h oi 44 4.
t C w2
n 1 1e i - nl eo k k e e e e e e e e

b d ri n n n n n n n n n na
Te rt a a o o o o o o o o

l oa R R N N N N N N N N
p Cl
m

- a
S

. . . . . . .

s l l l t t t t t t t
e aS a5 a3 s s s s s s s
l - m- m- m- i i i i i i i

- b i n rE rE rE D4 D9 D 6' D4 D0 D8 D6
5 6- a ro o0 o8 o4 2 2 3 4 5

r ri ti n n n r . r . r r r
r st g4 g2 g1 e0 e0 e0 e0 e0 e0 e0
a i u o- o - o- s - s - s - s - s - s - s -
V Db LM LM LM UM UM UM UM UM UM UM

0 1
13 13 62 8 8 7 6 6 5 4

e - - - - - - - - - - - - -
g EE EE EE E E E E E E E
n 42 03 88 00 80 20 60 90 60 20
a . . . .

R 65 94 16 1 1 41 31 11 51 21 11

S
6 7 8 9 0 1 2 3 4 5L E* - 4 4 4 4 5 5 5 5 5 5L

1
5 6 L

e L L L 1
l - - - L 1 2 3 4 5 6
b e I I I L L L L L L L
a s E E E - - - - - - -

i a S S S P P P P P P P
r C - - - S S S S S S S
a E E E O O O O O O O
V 6 I I I L L L L L L L

7C

l ' :j lijj$ |1i4|i !;;a !}1i! ;!! j44 i|)i{ ijj| |!!!!!ii ,



) || iI1

-

_

n g g r
e d n n oo ov t e t i t i tn l n l ct ti nt .

g eae e e e e e ae e =ld c u = u t
d da nuo r sf ns i e

fo i cc i ae i a s ro .

ce ct al a( r a( e f _

r a t ae t t r f e
- ru r nC r n6 ng . Oe on e e rho u ones e e h

t h d f etd s d d c . l ci ci _

ne n ) i d d o o to t
-

er e c eea el el c f. ot p t hrf hi oe hi s a tx x t u t utd t uo r s
ee e t t b o bt e o D

_e
r t pn t c t d L Zkr u eeu e aue ar ar n C aglhl h hrs ho r hoee ri ati t t r t t ke t t rt o f eaa oi c ad cux f ol

nf nf vt a ya n yat e
- i i t t e e t ep y eye

lt t id n i r t i r u e c r
dn dn l eo l x l rh n ub
ee e e i s c i ere i e t e l-

u=s= s b o bh o bh u i e.

s un apm at n at rn q a rt b po b i b oi e fi .i a oor oo oo re uas ,

y 1 t 1 t r f rt rd rt d f t l
u e p k e nil n - n ps p
ta 0 o 0 o ae e t e at t e a

n ,c - c l( d l g pa l r ea n mfa o aa ul aull eA ..

re re nkc nkr u nt u v ey eh eh oa oa c op c e rt
c n bt b t i er i e ol i u ol i n

tn o = n tl e tl t a t r a g ve .e i ue ue . i d i C i C n nnu t nt nt e d yn d y d yd i e ng
q p a ar nb e nb d nb . t in. .e)

d e i nl =l u o t o e) o a . e ais )r ir r d. r r ou ous cs x cssr cs
:eF c d c dcs l e l oo l o o t e e lt
2

s nl nl e ei eipo eipo i w v nint e aa aar han n a pl h a pl no eoui n D Rc Rcp Tfi if of Tf of I p S cb ,

t en do iC c .(. c l
A e1 rh
e rt --

6. h oi
t Cw2
n .e i nl eo e e e e e e e

b d ri n n n n n n na.

e rt o o o o o o oT N N L N N Nl oa i
~

p Cl .

n
a

'

S
. . . . .

s t t t t t
e s s s s2 s
l - = n i i i i - i
b in r0 r0 D4 D1 D2 DE D1
a ro o5 o5 7 2 5 22
i ti f f r rr r . r. .

r st i0 i0 e0 e0 e0 e9 e0
a iu n- n- s - s - s - s. - s -

V Db UM UM UM UM UM UM UM
_

4 a 3
e - - -
g E E E4
n 30 60 00 00 00 44 00.

a . .-

R 21 11 01 01 01 10 01
_

S.
_

_

F= 6 7 S 9 0 1 2
I 5 5 S 5 6 6 6

_

3D K r L
. e O A i. -
. l M I_ 3 r F 1

b e F - I F i S 0 -- a s F F - T t O 0
.
-

i a C C T K i L - -. . C - - N A w _.r - Ra S S O E l E U .
-

V & F F C L E I S
_

.

7oD-

_

, 4ii'l 4 i i 1,i< i :ijj, 4 {,|{iI f:!|,ij|;3- |j iit,j1vi| .I|;|;1}!i!i |ia C k||e



!L!|!iI:II! , {|} 3[[If!
, }!! ! { (!|).i ;: j t>b t ' [:.

_
_

-

._

r r r r e . r e
Wh ro Who o o o

t rt S t rt t et t
D c e c D t c Dc e ct C a t D f a Da a a o a ef e f o

e a e dr a e dt r dtr r n r n W n
- D a e S a a

D D e eeR e ,h C e ,r Dh rer C .uteh h D h S u t I
t t dt R dt Ct d Ct
f n C o n P p n P p

.ot a Lu a L u ,a o a o o t,r ,r
-

,
- t t tS S Sk S S

C C C a C D Ce D
Pk P k P e Pk Ry P r R y

Cb Lu CbH a Ha Hl H a
t .

f e f e f y f e f f p f
.

e eol ol ob ol o r ou o r
_r

e ey e u e e uey ey e
r r r rl r rl .rub ub u ur ub ui uy ui

l l l l l a lb l a'l
i e ie i i e if i if .is a r a r a a r a a a .

a ef f f f f fi f u u f u t r ts
y t t t t t n t u t nl l l

nl nel ni ni nt ni ne ..

la e a ea e n e a emg e emg
n mf mf m e mf enn = a. nnn
A n n nm n ni i n ni i

o o o n o e ad o o ady rt rt ri r t r l rt r lt tc n i n i n i a i n i i i n i iv n un o ve ve vt ve v n u v en n nobnob nnme i nm nm.
m g. ec

. ...

u t eng eng e og eng ec e
q p i n i n cn i n r n n r

i) e oi e i e ai e o ed e i e ai e a r a!d r rtr r r d r d rrd r d r t r
t t teF c e l e l eel e l e e c et l e e cu s v ni v ni vti v ni vt a vni vt an t e e ou eou ef u eou ef e eou ef e

i n D S cb S cb S ab S cb S ar S cb S art e . ,n do _

iC c .
( c l

A e1 rh.
- e rt

6. h oi
t C w2
n _e i nl .eo e e e e e e e

b d ri n n n n n n naTe rt o o o o o o o
l oa N N N N N N N
p Cl
=.

a
S

. . . . . . .
.

s t t t t t t t-

.
e s s s4 s4 s2 s2 s2.

_ l - i i i - i - i - i - i -

b in D6 D6 DE DE DE DE DE_

_ 1 0
1_

5 6 5a ro 1
r r r r ri ti r r.

r st e0 e0 e5 e5 e1 e1 e1 .
a iu s - s - s - s - s - s - s -
V Db UM UM UM UM UM UM UM

2 2
e - -
g E 0E 08 09 08 _

n 00 00 06 06 04 04 04
a .

R 01 01 03 03 00 00 00 _

_

S
3 4 5 6 7 8 9'

D=
i

.

6 6 6 6 6 6 6

L L L L'
e - - - - ' R R R

- - -

l 2 3 5 6 1 2 3
b e 0 0 0 0 0 0 0
a s 0 0 0 0 0 0 0
i a

-

- - - - - -

r C R R R R R R R
a U U U U U U U
V & S S S S S S S

7 $,

, !:i4Ii!i !| !|j 1 $j4 |j!l 4i{j ! ,|* ik jj 4[ j j } .]|[' l !jJ3 1i) :4: 1i;



| it ii f' \| I, ;

.

_.

_

_r e e o ,
_ro dh Wh t , .

et nt t S S r S _

t c a D D e D D D
f a o D C r C D Aoa e t ur dt rt r r dy

W C' n op oy oy nb
.

P e .a
D e Lr e u b b a .

S r S S eDh u r .D D e D e ,r,

t ,t I u A Ar Ar Dud S p Ct y u u Rln D u.

a C r Ep d b dl dl Ci .o
t I u n ni ni ar ae aa aa ,fy. . r f f S .I ,

C e Db s D u O D Ct
.Jr R Dy Rl F t Rt . P n. .
-I u C e Cb Ci C ng C ng H eg

t r a e n en mn
- f p f u f ff f =i f =i f ni -

eo u ol o r o ond ond oid
e ea e u t il il alr i

e n eai eai eti .

r rf rl r rt u rt u rnuuy u ui u =e unb unb uob .

lb l l a l n l o l o l ct
n if ii i. cr i cr i ri i

. s a a a aa r o a o aro.

i f e ef f f t g f rt frt f etr m t nn ec ec t cs
y t u t t n t oi t t a t t a tf ar

il nl ni a ne . n cd nf e nf e nae. -

a e e g e=g e l ear ear e rn = a =t n m. n n er i a m
.

nWe=nA nf n i
. o ri i r u rI e nS e .

eo o d o ad e b cCh oCh oDhc ty rt r l r l rt f r2t r2t rDt- c n i n i i i i i r i 1 iI i
n o v v r u v n u v ae o v o v o vdo

n = g. neb nob n t ndt ndt nnte i
_

eWae et ecu t c en en eanq p n f r r ae ae e) id e i e i e a o e o eD e e ,r e ,r eS rr r r ad r t r rt rDr r u r u rD ueuF c et l eS c e e c e vWte eI t eCt .

s vni vC a vt a vd e p vC p v pn t e eou eSe ef e enh eD u eP u erui .

t n D S cb SI r S ar S at SD r SLr S ore. n -do iC= c .( c l -

A e -
1 rh- e rt
6. h oi

.

t C w2
ne i - nl eo e e e e e e eb d ri n n n n n n na -

Te rt o o o o o o o
l oa ;

I N N N N N Np Cl
m.

a
S

. . . . . . .

s t t t t t t t
e s2 s4 s. 4 s2 s2 s2 s2
l - i - i - i - i - i - i- i -
b i n DE DE DE DE DE DE DEa ro 6

4. ' 4 4 5 42
i ti r r r r r r r
r st e1 e3 e3 e8 eB e9 e8

- a iu s - s- s. - s - s - s - s-V Db UM UM UM UM UM UM UM

2 2
_e - -

g 09 0E 0E 00 00 00 00
.

_
. n 04 04 04 00 00 00 00 _

a . . . _

R 00 02 02 01 0 l' 01 01

S
Me 0.

.

61 2 3 4 5
L 7 7 7 7 7 7 7

_
R R R R R R R .

-

e - - - - - - -
l 5 7 l 4 5 8 1
b e 0 0 l 1 1 1 2
a s 0 0 O 0 0 0 0 _i a - - - - - - - _

r C R R R R R R Ra U U U U U U UV 6 S S S S S S S

77

:

,4ii!. I I.||4|iiji.|i!i|i!|! ,!I |fi |j\!i| t1.|j{ 4 ! i:1!i:1d:



,

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

_ _ __

i
i

!

1

1

!
4

Table 2.6-1 (Continued)
Variables Sampled in the Accident Frequency Analysis

,

| Variable UlS; Range Distri- Corre- Correl. Description
!- *: bution lation with

& Case
1

SUR-022-R 77 0.00 User Dist. None Se~ere environment failure of HPCS, CRD, and ADS;

1.00 M-9.6E-2 or DDW after containment failure by rupture to
the reactor building.

SUR-023-R 78 0.00 User Dist. None Severe environment failure of HPCS and ADS or CDS
4

1- 1.00 M-8.4E-2 and DDW after containment failure by rupture to
i the reactor building.

SUR-024-R 79 0.00 User Dist. None Severe environment failure of HPLS and ADS or DDWy 1.00 M-9.6E-2 after containment failure by rupture to the
$ reactor building.

SUR-025-R 80 0.00 User Dist. None Severe environment failure of HPCS, CRD, and CDS;

'{ 0.50 M-1.9E-2 after containment failure by rupture to the
reactor building.

I

! SUR-027-R 81 0.00 User Dist. Note Severe environment failure of HPCS and DD W ;

! 0.51 M-1.9E-2 after containment failure by rupture to the !
'

reactor building. !

!1 .

User Dist. Nono Severe environment failure of HPCS, and ADS or CDS i| SUR-005-V 82 1.lE-5
4.9E-2 M-2.lE-3 and DDW af ter containment venting. [

>

! I

i. SUR-006-V 83 9.8E-3 User Dist. None Setere environ =ent failure of HPCS and ADS or DDW -|
; 0.66 M-8.7E-2 after containment venting. |

l

i
'

SUR-001-A-V 84 1.3E-3: User Dist. None Severe environment failure of MW and HPCS after
i 1.00 M-0.61 containment venting during ATJS scenarios.
I

i

!

!
i

?. I
! I

; ;
I
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name of the variable, the number of that variable in the IJIS sample, the
general range of values that the variable can take, which distribution is
used to model the variable and the mean value, the amount of correlation
with other variables, which other variables the variable is correlated

description of t he variable, A detailed discussion of thewit h, and a
setup of the Level 1 IJIS sample is presented in Chapt er 5 of Volume 2 of
the 1.aSalle Level I report,

it is important to note at this point, that, even though the same random
seed was used to generate the Level 11/111 ljls sample as was used to
generate the i.evel I sample, the di st ributions of the top level events will

same The numbers generated for the distribution of anynot be exactly the
individual variable that appeared in the original Level 1 IJIS sample. will
be the same in the Level 11/111 IJIS sample since the same random seed was
used. Ilowever, the 1)lS code reorders the values of the various variables

""'

so that random correlut, ions are minimized. if the number of variables or
the order of the variables are changed (which they are in this analysis),
then different values from the dist ribut ions of the individual variables
will be mat ched up in a sample and the values obtained for any combined
event will be different.

2.7 fMilnterialui1Rumlu

In this section, the tesults of the TDiAC uncertainty analyses of the plant
damage states are diacussed. Table 2.7 1 lists the 30 PDSs used in the
Level 11/111 analysis, their core damage frequency distribution statistics
as calculated from the reduced sample, and the int egrat ed results s.how i n g

the total core damage f requency f rom all event e and all plant damage states
combined. Table 2.7-? lists the 30 PDSs used and their conditlonal core
damage probability distribution statistics relative to the total core
damage frequency.

Because of the large number of plant damage states and sub plant damage
states, it would not be efficient to track and discuss each of these in
detail in this report. Table 2.7 3 shows the core damage frequency for two
sets of summary groups which will be used in this analysis. The first set
divides the PDS into seismic, fite, flood, and int ernal groups for each of
the unique analyses done in t he Level I analysis. The second set keeps the
general externally initiated groups but divides the internally initiated
accidents into some subgroups of interest: LOCAs, t rans ient -induced LOCAs ,
transients, and ATWS. The results for the different stages of the Level
11/111 analysis will be presented in terms of this second summary group.
More detailed results for each plant damage state can be obtained from the
output files but will not be discussed here

Figure 2.7-1 shown the total Level I core damage frequency distribution
from all causes The f i gur e contains a plot of the cumulativa distribution
function (CDF) and an approximate density plot in the form of a histogram
where the height of each har is determined by the fraction of 1)lS

2-S1
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Table 2.7-1 :

LaSalle Plant Damage State Frequency Dist.ributions
|

|

!

PDS NO. PDS STH PCT MEDIAN 95TH PCT MEAN

!
,

1 EQ1 0.189E-11 0.311E-09 0.427E 07 0.230E-07
2 EQ2 0.717E 10 0.307E-07 0.140E 05 0.674E 06
3 Fil 0.140E-12 0.172E-11 0.813E 05 0.370E 04
4 FI2 0.184E 08 0.303E 07 0.430E 06 0.110E 06
5 F13 0.436E 07 0.714E-06 0.858E-05 0.216E-05
6 FI4 0.508E-08 0.116E-06 0.191E 05 0.496E 06
7 FIS 0.000E+00 0.000E+00 0.388E 04 0.157E-04
8 FI6 0.000E+00 0.000E+00 0.120E-07 0.191E 08
9 FL1 0.109E 09 0.318E 08 0.728E-06 0.175E 06
10 FL2 0.111E 06 0.109E-05 0.112E-04 0.298E-05
11 IA1 0.000E400 0. 000E4 00 0.819E-07 0.169E 07
12 IA2 0.114E 08 0.273E-07 0.497E-06 0.170E-06
13 IL1 0.000E400 0.000E+00 0.567E 07 0.117E-07
14 IT1 0.225E-07 0.393E 06 0.617E 05 0.145E 05
15 IT2 0.830E-06 0.697E-05 0.977E 04 0.282E-04
16 IT3 0.245E-06 0.153E 05 0.151E 04 0.419E 05
17 IT4 0.121E-07 0.304E 06 0.102E 04 0.462E 05
18 ITS 0.147E 07 0.154E 06 0.156E 05 0.401E 06
19 IT6 0.376E 09 0.665E-08 0.288E-06 0.159E-06
20 IT7 0.682E 10 0.193E-08 0.186E-06 0.396E-07
21 IT8 0.000E+00 0.000E400 0.217E 04 0.435E 05,

22 IT9 0,000E400 0.000E400 0.728E-06 0.150E 06
23 IT10 0.000E+00 0.000E400 0.101E-05 0 191E-06
24 ITil 0.000E+00 0.000E+00 0.149E 05 0.311E-06
25 ITL1 0.147E-09 0.333E-08 0.889E-07 0.257E-07
26 ITL2 0.226E 0B 0.296E 07 0.621E-06 0.165E-06-
27 ITL3 0.306E 10 0.866E-09 0.270E 07 0.713E 08
28 ITL4 0.709E-10 0.178E-08 0.432E-07 0,108E-07
29 ITLS 0.325E 09 0.468E 08 0.137E-06 0.441E-07
30 ITL6 0.284E 08 0.381E-07 0.848E 06 0.230E 06

|
'TOTAL 0.574E-05 0.276E-04 0.325E-03 0.104E-03

.
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|
1

|
l observat tons that occursed in each int eral . Figure 2.7-? shows the CDra

!

for the first set of summary groups, dese ibed in the preceding paragraph, |
tepresenting each of the individual Irvel I analyses. One can see from j
this figure that the total dir.tribution is very close to the luternal event i

distribution and that, overall, internal events dominate the results. |
lloweve r , the fire distribution turna over at the upper end and has some i4

very high values at the eno of the distribut lon. Th i t, occurs because the |
1tre data is vety scarce and the ftre initiating event distributions are
very wide wit h long tails. This affects the mean value of the fire results j

significantly. In fact, the mean result for ftre is very close to that for
Internal events even though the bulk of the fire distribution is i

-

nigni ficant ly below t hat f or the distribution f or internal initiators. For
LaSalle, so i sini c events can be seen to make only a ininor cont ribution t o
the total core damage frequency.

Table 2.7-4 shown the f ract lonal contribut ion of each of the summary PDS -
,

#

groups in the two sets to the total core damage f requency calculat ed in two
di f f erent ways. Section 6.3 contains a detailed description of the
significance of the two ditferent methods of calculat ing iractional
contribution. MFCCD is the mean fractional contribution to core damage and
FCMCD is the tractional contribution to mean core damage. For MFCCD the
avet aging over the IJIS observations is done atter the ratio of group core
d.onage frequency to total core damage frequency in formed and for PCMCD the
averaging over the 1.11S r bse rva t l onu is done before the ratio of group core
damage irequency to toral core damage frequency is formed.

Notice that subst ant tal difterences in the iractlonal cont ribution exist
; between the two methods. The MFCCD tendu to represent cont r'.but i ons fron.

the whole distribution while the FCMCD tends to einphas i ze conttsbutions
from the upper tail of the di s t ribut ions , in partientar, the fire
distribution has a very long upper tail and, from the table, one can see
its cont ribution increases dramatically for the FCMcD measure The mean-

core damage Irequency is clearly dominated by the ftre and internal
transient groups. Internal floods also contribute. Seismic, ATWS, LOCAs,
and t ransient -induced LOCAu cont ribut e very little to the mean core damage
frequency, One must remember, however, that the contribution to risk irom,

seismic and ATWS events, in pa r t- i c ul a r , can be much larger due to the
; characteristics of these accidents compared to some of the other groups.

l
,

6

J

i
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t

Table 2.7 4
LaSalle Swamary Group Fractional Contribution To Core Damage

r

.

Summary Group 1 ;

SUM PDS MFCCD FCMCD

-_ ;

*

SEISMIC 0.015 0.007
FIRE 0.238 0.533
FLOOD 0.110 0.030
INTERNAL 0.637 0.430

.

Smmnary Group 2

'
SUM PDS MFCCD FCMCD

f

SEISMIC 0.015 0.007
FIRE 0.238 0.533
FLOOD 0.110 0.030
ATWS 0.005 0.002
1hCA 0.000 0.000
TRANSIENT 0.624 0.423
TRAN-LOCA 0.008 0.005

.

P

|

1

+
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3.0 ANALYSIS OF THE ACCIDENT PROGRESSION |

'

3.1 Introduction
|

4 '

; This chapter describes the ar.alys i s of the progression of the accident.
starting from significant core uncovety (i.e., collapsed water level 2 feet
above the bottom of the active fuel) with itmainent re flooding of the core
not expected and continuing for about 24 hours or until the bulk of the'

'
radioactive material that is going to be released has been released. The

; many possible paths that an accident may follow during the course of the
'

accident are described through the use of an accident progression event
tree (APET). The basic purpose of the APET is to delineate those accident
progressions which will result in dif ferent radionuclide releases (i.e.,

source terrns) frora the plant for input into the source term analysis
described in Chapter 4 and to quantify the conditional probability of their
occurrence. When combined with the frequency of occurrence of the plant ;.

'damage states, the f requency of each source term can be calculated.

.The APET consists of a series of questions that address: the status of
3

coolant inj ection and containment heat reinovs1 syst ems, the condition of
the core, the status of the reactor pressure vessel, the pressure in the
containment, the integrity of the containr:ent daring the various stages of
the accident, and the occurrence and magnitude of phenomena that . could
affect the state of any of the previous issues or the character of the
source t e rrn . These questiona are developed to the 1cvel of detail
consistent with the purpose of tha analysis, the amount of resources
available, and the level necessary to represent the interaction between
various events and/or to calculate their probability of occurrence, Each
question can have several outcomes or branches which allow the accident to
progress down different paths.

The first portion of the APET defines the plant damage states (PDSs) which
fortn the interface between the 1.evel I and Level 11 portions of the PRA. A

;

PDS describes the status of various emergency systems (e.g., inj ection
systems, containment heat removal systems, and emergency power system), the
pressure in reactor pressure vessel (RPV), and the status of containment
integrity at the time of core damage. Each PD3 defines an inftial set of
plant conditions that are common for all of the accident sequence cut sets
that make up the PDS. Thus, it is assumed that within-the level of detail
that is used to model the accidents in this study, all of the accident
sequence cut sets that form the PDS will behave similarly. This does tot -

mean to imply that the characteristics of the PDSs are certain; as
discussed in Section 2.1, there is still substantial uncertainty in the
initial and _ boundary conditions of_PDSs, in those characteristics of the
plant not modeled in the Level I analysis but important to the Level II
analysis, and in our understanding and modeling of the various phenomena
and processes occurring during the accident evolution. This uncertainty is

what leads to the many possible different accident progressions arising
from one PDS. |

3-1

.-- . . - - - _ . _ - - . _ _ - _ -__ . - _ . . - - - . . - - _ _ - - - - _ . - _ - --



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

!

I The output from the APET is, therefore, hundreds of thousands of possible
accidents with each accident corresponding to a path through the tree.
While the tree is constructed to delineate accident progressions on the
basis of those characteristics important to the source terms, it is not;

possible to know beforehand everything that what will be or will not bed

important or to separate all paths leading to the same source term. Many
| of these paths, therefore, will result in very similar source terms. Thus,

these paths are grouped together based on attributes that are important to
the source term analysis in the binning and rebinning processes discussed
later in this chapter. These groups of paths are called accident
progression bins (APBs). The APBs are the input to t} * source term
anal,wis which will he discussed in the next chapter 4

To help the reader understand the logic behind the APET, Section 3.2
describes the plant features that are important to the accident
progression. In Section 3.3, the APET is briefly described. The
quantification of the APET is presented in Section 3.4. Section 3.5

1 includes a description of the APBs that form the input to the source term
analysis. A sununary of the results from the accident progression analysis
is presented in Section 3.6 These results will provide the reader with'

greater insight into the integrated risk results that are presented in
Chapter 6.

3.2 Pl a.n t Features Itwortant to the Accident Procression at LaSalle

This section provides details on the plant features that are important to
the progression of a core degradation accident and the response of the
containment to the stresses placed upon it. Many of these features are
described in Chapter 1; but hero, their relationship to the accident
progression ir, made more explicit. These features are.

containment structure;

drywell/ suppression pool arrangement;
reactor pedestal cavity;a

containment venting system;
i containment heat removal systems;

coolant injection systems; and
automatic depressurization system (ADS).

Containment Structure

The LaSalle plant employs a Mark II type containment to house a Cencral
'

Elec tric ' BWR 5 reactor. The primary containment is a post-tensioned,
reinforced concrete structure with a steel liner. The contaitment, shown'

in Figure 3.2 1, consists of a lower cylindrical portion founded on the
base mat and an upper portion in the form of a frustum of a cone. The
containment is topped by an elliptical steel dome called the drywell head.
.The lower portion is called the suppression chamber (or wetwell) and-it

L contains the suppression pool; the upper portion is called the drywell and
't houses the reactor pressure vessel (RPV). The internal diameter of the

3-2
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lower cylindrical portion is approximately 87 feet and the overall height
of the c ont a intnent is approximately 150 feet, The basemat is a 7 foot i

thick reinforced concrete sinh. The primary cont aitument is enclosed by a |

! reinforced conesete renet or building which f ortes the aces.ndary contaltunent , I

shown in rigure 3,?-2. The primary contairutent is inerted with nit rogen
which eliminat es the possibility of hydrogen combustion event s during the
courne of the accident. lloweve r , combustion of hydrogen 1* the reactor
building following containment failure is still possible.

The i n t. c r n a l des ign pressure of the primary containement is 45 psig.
Because the containment fallute pressure and inilure location are important i

parnmeters for the accident ficquency, accident progresulon, and source
tets analyses, the distributions for the ultironte failure pressure and
locatlon were asnessed by the Nt! KEG-ll50 Structural Response panel, Based
on dist ribut ions provided by this panel and described in Appendix IL7 in
Voltune 2 of this report, the assessed menn influre pressute was 191 psig;
the minirnum and maximum inilure prensures were 140 pulg and 27$ psig,
respectively. The containment failure locatlons ident it led by t he expert
panel included the drywell head, the drywell wall, the wetvell wall above
the suppression pool, and the wetwell wall below _ t he_ suppression pool
surface For each location both leaks and ruptutes were conaldered. The
c o n t a l tune n t fnilure loention is i mpo r t:nn t for two rensons. First,

as opposed to failurec o nt a l tuuent fallute into the reactor building,
throug! the drywell head into the refueling floor, will flood vital
locatices in the reactor building with high temperature steam. Thesc' vital

| locations house mot or cont.rol cabinets and equipment related to emergency
coolnut inj ect t on syst ems . It la possible that the high temperat ure st eam
will in11 these systems. Second, the location of containment failure i

af fects the magnitude of the nource term. The relat lonship between the
source term magnitude and the c ont a l tutent failure location is discussed in

! Chapt er 4.

Drywell/ Suppression Pool Arrangement

The pressure suppression system is a over-and-under coniigurntica, The
drywell, in the form of a frustum of a cone, is located in the upper
portion of the c ont a inment ditectly above the suppression cluunbe r which
forms the lower portion of the containment The drywell and the
suppression chamber are separated by a reinforced concrete slab which forms
the drywell floor. The dryvell houses the reactor pressure vessel (RPV)
and much of the primary system, The suppression chamber c ont.n i nu the

| suppression poal. The dryvell and the suppression chamber c onununi c at e
through pansive vertical vents enlled downcomers. Uno end of each

,

downcomer la in the drywell and the other end la submerged in the
suppression pool, Gases released in the drywell are vented through the
downcomers into the suppression pool where the steam is condensed and-the

,

noncondensibics are cooled. In the event that the suppression chamber l

pressure exceedr. the drywell pressure, the noncondensibles that have i

necumulated in the suppression chamber air space are vented back into the
drywell through the drywell vacuum breakers and thereby equilibrate the;

!

9

f

!
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pt essut e between tim two voltutes lhe suppiension pool is also used to
nouiciac the steam niul cool the noncointe w t hin, that ate teleased t hi our,h

the S P.V ta11 pipes when the Kpv is depi ct surired on when the SRVs lift ut
stick open 1he hkV tallpipes di t ei t the s t e mo l i mi, the O pv t o supptession

pool when the ADS on SMV valves ate opetwd. The tallpipes relcane tlw
steam aiul r.a s e s t hr our.h T quetu bet s located at the eiut of the tallpipes

neat the hottom of the supptc+s1on pool 1:ac h tnilpipe han two check
valvet desirned to telieve the pi e sui e on the pipe when the pipe cools
aftet the dischatr.e of hot r.ases tiom the pitraty nystem, These valves can
sticL , pen aint result in the htY d i s c h a i r,e befor, ditected to the drywell
i ns t emi of t,a suppiession pool. 1he nominal t' t e e volumes of the diywell

aint the supp snion chamtwt ate /19,800 ft 3 etal I M ,100 ft', tespectively.

Ihe nomliuil lume of the supptetsion pool is 173,800 tt 3
o

kvar t or Pe det .nl Cnvit y *

uvity is locat ed di r ec t ly helm the teactos piessuteThe teactor pedestil t

vee se[. llie c a v '. t y 13 divided iut o an u)pri aint lowet port lon. The uppet
cavity i< inimed hv the 4 H1 foot thiin pede.tal vall. 1he upper cavity is

( vilnder with a d i an,e t c i of / O . ? '> feet and a dept h ofer sent ially t i r.h ta

appt oximat els /b li et The top of the uppei envity cont ains the contiol
tud dilve (CMD) housing; 1he maj o r pedestal penetiatlons in the oppei
cavit, ni e the CRD pipiny, penet i at ions at the top of t he pedestal aint the
CRD iemoval opening, (e s ent lally a dooi) t hat is located 11 feet above the
uppet ravit: !!out The uppe cavity !! l a i r,e enour.h to cont ain all of the
core debils teleased at the time of ve+sel hi em h , These aie sc ettal i on ,

pottion the cosi deht i- u.a v not iemain in the uppethowevet in wh i( h ,

pott!onenvity l'o r exampte duiiny, e ditect cont nitunent heatiny, ev"nt, a
of the cote debil, that ir ejected at hiph piessute may he dispeised into
the dtywell. In othet scenailos, it is possible that Ihe uppet cavi t y
1100 will fall and tin- cote debi t, will he teleased int o the lowei cavity
which connect: diset tly to the we t we l l . However, because a l a i r,e amount of

the cote deb r i t can tuit enter the diywell. dliert attack of thn drywell
wall by cos e debt 1: 13 not an i s. s ue at haballe as it is tot the Han k I
cont a liutent s and possibly foi othet Mask !! c ont a i nme nt s w i t.h dif f e:ent

cavity de s i r,ns

in additton to holdiny, the cose debris, the upper ravity can also
l a i ry v( lume of wat er dortnr. the accident When the uppetac eturul at e a

cavity is completely flooded, a water depth of 11 feet can he est ablished.
Any additional w a t e i- will drain out the CRD t e am v a l open t or, ont o the
drywell f loor whei e it will flow down the downcomets lut o the suppression
pool. These are two pathways hv whic h wat er in the drywell can enter the
uppei 1eact or cavi t y . 1he tirst pathway is t hi our.h the dr)well iloot
drains that connect to the e q u i pn.c n t drain sump in the pedestal There ate
t h t'ee ways watei can ry t oli the divwell 1 loot lhe first way it from the
coat ainment *piavs whicn nie located in the dtywe11 The second way is
1 om cotulensat ton of wat ei vapoi in the diywel1. Dutinr. leny, term loss of

cont ainment Imat iemoval acc ident i , the suppression pool becomen satutated
The 4 r e n ra ielcased irom the pool Is vented into the dtywelI wlmie it

i n
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condenses on the drywell wall. The water that accumulates on the drywell ,

floor will drain into the upper cavity rather than down the downcomers
because the top of the downcomers are located approximately six inches
above the drywell floor whereas the floor drains are essentially flush with '

the floor. The third way is from IDCAs in the piping in the drywell. The .

second pathway is through the RPV af ter vessel failure. Coolant inj ected |
into the vessel af ter vessel breach will drain directly into the upper
cavi.p.

The pctential for large amounts of water to be in the upper cavity has two
i

major implications. First, when core debris is released from the vessel at
the time of vesne! breach, the potential exists for energetic fuel coolant

,

interactions (FCIsj to occur if the upper cavity is full of water. These
FCIs can fail the containment directly from quasi static pressure oads or
can fail the RPV pedestal which can then lead to drywell failure (e.g.,
penetration failure due to distortion of the piping). An FCI can also fail
the pedestal draf n pipes. There are two four inch drain pipes that drain
water from the upper evity sumps to the reactor water cleanup system. The
isolation valves on tnese lines are outside the containmenti Thus, failure
of these lines outside the - containment c,n establish a - pathway for
radionuclides to escape the containment. Leakage from equipment in the
drywell during norual operation will drain into the sumps. Thus, it is
likely that these lines t.ul be full of water regardless of whether another
source of water is available to flood the upper tavity, If the upper
cavity is flooded, an FCI can occur in either the ner cavity or the pipe.
On the other hand, if the upper cavity is dry, e ~ can only occur in the
drain pipe. The probability of pipe failure is h ier when the FCI occurs
in the pipe than it is when it occurs in the uppet cavity pool. However,
if the pipe entrance is plugged by cebris, then either the effects do not
propagate to the pipe or no FCI can occur in the pipe, In addition to FCI
considerations, a large amount of water in the upper cavity can cool the,

core debris that is released from the reactor vessel and thus mitigate the
'releases associated with core concrete interactions. Thus, based on %e

above discussion it is obvious that the p: asence of water in the upper
cavity can be either bent ficial or detrimental, depending on the accident
progression.

Even though the upper cavity can contain all of the core debris, it is
possible for the upper reactor cavity floor to fail. This would result in
the core debris dropping into the lower reactor cavity in the lower portion
of the reactor pedestal. Unliko some other - Mark Il containment designs,
the lower reactor pedestal at LaSalle is partially filled with concrete and
contains no water. The lower pedestal is also large enough to contain the
core debrir and has openings to the wetwell airspace above the suppt,ssion
pool water line (there will be about 1 ft. between the top of the core ,

debris and the bottom of the openings to the wetwell dirspace) The NUREG-
1150 Holten Core / Containment Interaction Panel evaluated the probability
distributions for the time and mechanism of reactor cavity floor failure
af ter vessel breach at LaSalle. The results of this c11 citation are
discussed in Appendix B.8 of-Volume 2 of this report. The APET contains
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question to repiesent the effectn of eactor cavity floot failure on the

accident progression.

Containment Venting System

pot long- t el m "ont a l tunctit heat removal accidents and ATVS sc ellat io", the
cont a itune nt ptessut, will steadily incarase due to the steam relenhed flotn
the saturated supp t e ss i oti pool. The pressuto in the c otil a i nme rit can he
ielleved thiough the c on t a i nme nt vent atid purge system. The cont a ltune nt
can be vented Iio"2 either the drywe11 or the supprenston chamber vent 1 i t e t.
usiny, a 2-inch valve 01 a 2 6 - i tic h valve (two sets of valves, one set f it
each line). The vent pipes join into one coinmon vent line which ties into

"

the ntandby gas t reat metit system (SGTS) which telcanes the gases to the
stack The vent pipe is attached to the SGTS with a rubber boot. It was

assessed that this t Aher boot would fall when high prenbure s t e atn was _

teleased thtough the vent- Therefoie, the st earn would he teleased into the

teactor building rathet than he i tig directed to the stack when the
cont ai nment is vented. inundation of the tencto hullding wl; h high
temperature steam creates a sevene e nv i ronme nt for motor-control cabinets
and other equiptnent located in the t eac t or buildittg. lailure of equipment
due to this s t c ain enn tesult in the loss of vital eine r gency equipment

(e.g , coolant injection systems and cont ainment heat removal sys t etus) .

The ope rat ot s age inst a uc t ed to vent the c ont a i nme nt when the c ont a i t une nt-
pressure exceeds 60 psig tegardless of whether or not adequate (on e cor'ing
is available Vent ing t equi t es bot h divi sions of AC power

Coolant Injection systems

There are various injection systems that can he used to cool the core and
artest the core damage process at 1.aSalle Four high pressure and four low
pressure injec t ion syst ems were considered in this analysis.

Tb' high pressure injection systems include the high pressut e core r,p r ay -

s'4 tem (llpCS ) , the t eact or core isolation cooling syst em (HCIC), the Inain
feedwater system (MW), and the cont rol rod drive system (CRD). All of
these systenm can in)cet water int o the primary system up to the relief
valve salety setpoints (1146-120') psin). The lipCS system has a motor-
drisen pump with its own dedicated diesel gene r at o r This system drawn
wa.er itom either the condensate storage t ank or t he suppression pool. The

t urbine dt iven pump. Stem from the RpV is used toRCIC system utilizes a

drive the turbine which pumps wat er f rom eit her t he condensate storage tank
or the suppression pool back to the core Thus, RCIC can not he used once

the vessel falls and t he steam supply to the turbine is lost. In addition,

the RCIC system isolates on high pressure in the wetwell (25 psig). DC

power is also requite'l to conttol this system. The MFW system draws water
from the condenser hotwell using a mot or-driven pump. This pump requires
of(site power (i.e normal not eme t gency power). The CRD syst em can he,

used to inject water into the core through the cont rol rod drives The CRD
has two small pos i t ive - di spl ac ement pumps and can only inject several

3 - ti
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hundred gallons per minute. It is, therefore, only useful once the decay
energy hes been significantly reduced (i.e., during a long-term accident)
or in conjunction with another injection system. .The train A aad B of the
CRD system are powered by train A and B of the emergency power system
(EPS), tespectively. The high pressure injection systems can be used to
provide coolant makeup when the RW is at either high c- low pressure, The
only caveat to this statement is that the emergency erating procedures
require the RPV pressure to be above 57 psig if RCIC 1. to be used.

The low pressure. injection systems include: the low pressure core spray
system (LTCS), the low presen e coolant injection - system (LPCI), the
condensate system (CDS), and the diesel-driven "' "ater system (DWS) .
The LPCS system is a sing 1c-train system the vs water from the

a motor-driven pump. Tb ,ystem is powered bysuppression pool using
ring sparger locatedtrain A of the EPS, LPCS sprays coolant through a

above the core. The LPCI system is three-train system that also draws
water from the suppression pool using motor-driven pumps. Train A is
powered by train A of the EPS and trains B and C are powered by train B of
the EPS. The condensate system draws water from the condenser hot wil and
pumps it through the feedwater line into the RPV. This system requires
offsite power. The last recort inj ection system, used when all other
systems have failed, is the diesel-driven firewater system (DWS) . This
system can be manually connected to the MW inj ection line to provide
inj e c tion . The DWS uses diesel-driven pumps to draw water from the
ultimate heat sink (a seismically qualified lake built near the plant).
For these low pressure systems to provide coolant to the core, the RPV must
be depressurized from normal operating pressure of about 1055 psig to the
150-500 psig depending on the system operating.

Containment Heat Removal Systems

Heat can be removed from the containment by the residual beat removal (RHR).
system which uses trains A and B of the LPCI system. Suppression pool
coo 1&;-(SPC) and the containment spray syntem (CSS) are two modes of the

7 RHR system. The RHR system is a two train system with motor-operated

valves aw . s,s. Each train has a heat exchanger downstream of the pump.
In eithec d, PC or the CSS modes of operation, the RHR system can remove

sup; ress ton pc.o1 by passing water from the pool through theheat from e.
heat exchangers with the core standby cooling system (CSCS) supplyinh water

! from the ultimate heat sink on the shell eide. In the CSS mode , water - is

sprayed into tne drywell and, in the SPC mode, the water is returned
directly to the suppress'nn pool. Fce accidents that are r.o t LOCAs, the

shutc%m cooling (SDC) mode of RHR can also be used to remove decay heat
from the core. In thit. mode of operation, water is taken directly from one
of the primary system recirculation loops, passed through the tWR heat
exchangers, and then inj ected k into the vessel. In addition, effective

contair>ntnt heat removal can assa be obtained by using the LPCI mode of

operat.an. In this mode, coolant from the suppression pool is past through
the heat exchangers , injected into the reactor vessel, and then flows back
into the supprestion pool via a LOCA or by bolloff through the SRV
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discharge lines. All four modes of RllR-(i.e., SPC, CSS, SDC, and LPCI with
heat-exchangers) require AC power and are, therefore, unavailable durin6 a
station blackout. The support system trains require power from_the same !

trains of EPS as the front line system trains they support.

Automatic Depressurization System

The Automatic Depressurization System (ADS) is designed to depressurice the
reactor vessel to a pressure at which the low pressure injection systems ;

can inject coolant to the reactor vessel. The ADS consists of uoven of the
eighteen relief valves. Each valve is capable of being manually opened.
For the systern- to be automatically initiated, a low pressure injection purnp
must be running (LPCS or LPCI only). Thus, the ADS will not be
automatically initiated during a station blackout. The oper tor can also
manua'ly ini tiate the ADS,-or he may depressurize the reactor vessel using
the 'even Saf ety Relief Valves (SRVs) that are not connected to the ADS
logic. Pach .of the 18 valves discharges into the suppression pool as
described lu the Section on Drywell/ Suppression Pool Arrangement. The ADS
valves are located in the drywell and drywell pressures above approximatcly
85 psig will prevent opening of the ADS valves or result in reclosure of
the ADS valves because of the loss of the differential pressure required
for valve opening. The ADS system also requires DC power; therefore, the
RPV can not be depressurized in requences that involve failure of DC power
or can not remain depressurized in accidents in which the containment
pressure exceeds 85 psig before vessel breach occurs.

i

!

3.3 Drnnj_pilan of the Accident Prg telsion Event Tree

' is section describes the APET that was used to perform the accident-.

' progression analysis for LaSalle. The APET itself forms a high-level
probabilistic model of the accident progression as opposed to a detailed
thermal / hydraulic model as in one of the mechanistic codes. The APET is
too large to be shown in a figure as smaller event trees usually are,
instead, the APET exists only as a computer input file. The APET wasi

evaluated by the code EVNTRE, which is described elsewhere.1

The APET is not meant to be a substitute for mechanistic codes such as the
STCP,2 CONTAIN,3 MELCOR,6 and MAAP.5 Rather, it is an integrating framework

i - for synthesizing the representation of accident progressions as depicted by
these codes supplemented by expert judgement that addresses the strengths;

and weaknesses of the codes. The final result of the APET is *.i

probabilistic n alvsts of the likelihood of various accident progressions.

| The mechanistic codes are impractical to use in a large -integrated study
,- because they require too much computer time if run for all the - possible
I initial and boundary conditions and all the possible variations in input

| parameters in order to generate all possible accident progressions. In

addition, each code has limitations due to phenomena not included in the
physics medels, simplifications in the physics models, and the level of

- detail af the plant model being used. Therefore, the results from these
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codes were used as a basis for constructing the LaSalle APET by extending
these results to include the possible effects of phenomena not modeled,
modeling limitations, and any pertinent experimental results not included
in the codes, Because it is a probabilistic model, the APET could be
evaluated relatively quickly, in this way, the full diversity of possible
accident progressions could be considered and the uncertainty in the many
phenomena involved could be included.

The APET is a type of event tree which consists of a list of questions
which represent the top events in the tree. The answer to a question is

expressed as a branch in the tree A quest'on may have several pot ential
answers depending on the PDS or the accident progression that is beit.g

a question in the LaSalle APET asks the status ofanalyzed. For example,
DC power at the t%e of core damage. The possible answers are: (1) DC
power is failed and cannot be recovered, (2) DC power is not available but ;

can he restored once AC nower is recovered, and (3) DC power is available.

The probability of each branch for a question may depend on the branch $
jquestion can have ataken at a previous question. Thus, if necessary, a

case structure which allows the branch probabilities of a question to
depend on the branches taken in previous questions. Referring back to the

DC power example, the probability that DC power is available depends on the
PDS that is being analyzed. Thus, the case structure for this question
delineates groups of PDSs. The probability that DC poser is available is
different for each group and, therefore, a different branch probability is
used for each case, Thus, the value used to quantify the ;- ohability of DC

power being available for a seismic PDS will be different than the value
used for a 11re PDS. The prooabilities that are assigned to the branches

questicn are referred to branching split fractions. Parameter valuesin a
can 1so be a; signed to an accident path in a question. An example of a

paranater used in the LaSalle APET is the containment failure pressure.

The following section contains a brief overview of the LaSalle APET.
Details, ir.cluding a complete listing of the APET, may be found in Appendix

~

B.1 in Volume 2 of this report. The format of this file is described in
-

summary of how the APET was quantified,Reference 1. Section 3.3.2 is a
that is, how the many numerical values for branching tatios and parameters
were derived. Section 3.3.3 presents the variables that were sampled in
the accident progression analysis for LaSalle.

3.3.1 Overview of the Accident Progression Event Tree

The APET for LaSalle considers the progression of the accident from the
time core damage is imminent (i.e., collapsed water level two feet above
the bottom of the active fuel) through the period of active core-concreto

interaction (CCI) and/or containment failure. Except in very unusual
accidents, almost all of the fission products that are going to ba released
from the containment will have been released by 24 hours after the onset of
core damage.

This event tree is based on the 'LaSalle containment arrangement, systems,

and procedures. In addition, emphasis was placed on modeling the accident
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progression for the dominant plant dama6e states presented - in Chapter 2.
This means that not all theoretically possible choices are included in the
question structure and some questions may default in ways that would lead
to incorrect results if changes are made to the tree in other places or
PDSs not considered in the original construction of the tree are analyzed.
Table 3.3-1 lists the 135 questions in the LaSalle APET. In this APET
seven time periods are considered. To facilitate understanding of the APET
and referencing between questions, each branch of every question is
assigned a mnemonic abbreviation. The mnemonic branch abbreviations for
most branches start with a character or characters which indicate the time
period of the question. The time periods and their abbreviations are:

Mnemonic Time Description
El Initial Questions 1 thru 22 define the PD5s and determine the

conditions just prict to core damage.

E2 Before CD Question 23 thru 37 address the status of the plant
be fo re core damage based on attributes of the PDS;
but, which were not explicitly addressed by the PDS
definition.,

E3 During CD Questions 38 thru 53 address the progression of the
accident from the beginning of core damage (CD) to
just before vessel breach (VB). Questions in this
time period consider: the pressure in the RPV, the

4 status of various systems (e.g., coolant injection and
containment heat removal), the pressure in the
containment, and the status of the containment
integrity (e.g., has it been vented or failed from
loads present during core damage). The recovery of AC
power is conridered in this time period.

E4 Before VB Questions 54 thru 72 establish the status of injection
systems, pressure in the RPV, and the condition of the
containment just prior to vessel breach. These
questions aidress the effects that containment failure

or venting during core damage had on the inj ec tion
systems (i.e., severe environment in the reactor
building), the RPV pressure , and the pressure in the
reactor building. The amount of water in the reactor
cavity is also determined during this time period.

I At VB Questions 73 thru 98 determine the progressior of the
accident from immediately befcre . vessel breach to the
time of significant core-concrete interaction (CCI)

,

The potential for core damage arrest (i.e., no vessel
breach) is addressed in this t.ime perir3 The
majority of these questions address *% 1 ado
accompanying vessel breach and the cont j n ,.t's
structura) , uponse to these loads.

|

|

| |

l

|

1
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Table 3.3-1

Questions in the La3alle APET

Question Question Qaantification
Number Sampling

1. What is the Plant Damage State (PDS)? SF TEMAC

2. Is there a loss of of fsite power? SF TEMAC

3. Is there a Station Blackout (Loss of all AC)? PDS

4. Is DC Power available? SF TEMAC

5. Does a S/RV stick open early? PDS

6. Does the llPCS system fail to inject? SF TEMAC -

7. Does the RCIC systen fail to i nj ec t ? SF TEMAC
,

8. What is the initial status of the CRD hydraulic PDS

svstem?
9. What is the initial status of the main SF TEMAC

feeuwate r sys tem?
10. What is the initial status of RPV depressurization? SF TEMAC

11. What is the initial status of the low pressure SF TEMAC

ECC systems?
12, What is the initial status of the condensate system? SF TEMAC

13. What is the Initial status of containment heat PDS

removal?
14 What is the ini tial stat us of contaitunent spray? SF TEMAC ,

15. Does the containment fail before core damage? PDS

16. Is the containment vented hetore core damage? PDS

17. What is the level of pre-existing leakage Internal
or isolation failure?

~

18. iihat is the location of pre-existing leakage or Internal
-

isolation failure?
19. What is the level at pre-existing suppression pool Internal

bypass?
20. For TC does SLC fall to inject? PDS

s

21. When does core damage occut? PDS

22. What type of sequence is this (sumn.ary of plant Summary
damage)?

23. What containment pressure forces reclosure of the Internal

S/RVs?
24. What is the containment pressure .; hen RCIC fails? Internal

25. What is the CF pressure and mode sample value P Struct

26. What is the CF mode before CD? 20 U FL'N - S t r

27. Is there leakage in the e ;well head? Summary

l
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Table 3.3-1-(Continued)
Questions' in the LaSalle APET

Question Question Quantification
Number Sampling

28. Is there leakage in the drywell? Summary
2 9 .~ Is there leakage in the wetwell? Summary
30. What is the location of early containment leakage? Summary

31. What is the containment leakage. level before CD? Stunmary
32. Is the suppression pool drained before CD? Internal-
33. What is the contaitunent pressure at CD? Internal
34. What is the containment pressure level at CD? Summary
35. What is the RPV pressure before CD? AcFrqAn

36. Is the SP saturated at CD? Stunmary
' 37. Does (do) any S/RV tallpipe vacuum breaker (s) SF Internal

stick open?
38. Does AC power remain lost during core degradation? SF ROSP
39. Is the RPV depressurized during core degradation? SF AcFrqAn
40. Is there injection during core degradation? SF AcFrqAn

41. What Is the status of containment sprays during CD? SF AcFrqAn
42. What in the level of flow to the drywell during CD? Internal
43. Is the core in a critical configuration following Internal

inj ection recovery?
44. Total amount of H2 released in-vessel during CD? P In-Vessel
45. What is the level of In-Vessel zirconium Summary

oxidation?

46. Does at least one drywell vacutun breaker stick open? Internal
47. What is the pressure rise during CD? UFUN-Int
48. Is the vent threshold reached during CD? Stuumary
49. Does containment venting occur _during CD? SF AcFrqAn
50. .Is-DC lost during CD?

'

Internal

51. Does LP injer ; ion fall because of ADS reclosure? Summary
52. Does the contaitunent fail by pressure during CD?.. 20 UFUN-Str
53. What is the CF c ode during CD?

_ .

ZO UFUN-Str
54, Is there a leak in the drywell head prior to VB7 Summary
55. Is there a leak in the drywell prior to VB7 Stunmary

-

56. Is there Icakage in the wetwell prior to VB? Summary4

-57. What is the location of containment leakage prior Summary
to VB?

58. What is the level of containment leakage before VB7 Summary4
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Table 3.3-1 (Continued)
Questions in the LaSalle APET

Question Question Quantification
Number Sampling

_

59. Is the suppression pool drained before VB7 Internal
60. Does the RPV repressurize during core degradation? Summary

61. What is the status of IIPCS prior to vessel breach? SF AcFrqAn
62. kha t is the status c f low-pressure ECC prior to VB7 SF AcFrqAn
63. What is the status of RCIC prior to VB7 SF AcFrqAn
64. k%s t is the status of CRD prior to vessel breach? SF AcFrqAn
65. Is there auto injection during vessel breach? Summary

66. What is the reactor building pressure after CF P Loads
before vessel breach?

67. What is the level of RxBldg breach / bypass before VB ZO UFUN-Str
without a burn?

68. Does the SGTS iall before VB? Internal
69. Does hydrogen burn in the RxBldg before VB7 Loads
70. What is the level of RxBldg breach / bypass by Z0 UFUN-Str

hydrogen burn before VB?

71. What is the level of RB bypass before VB? Summary
72. What is the base containment pressure before VB7 UFUN-Int
73. Is there a large in-vessel steam expleolon? Internal
74. Does an Alpha Mode Event fail both the vessel and SF Note 1

the containment?
75, Does a large in-vessel steam explosion fail the RPV7 Z0 Internal

_

76. What fraction of the core debris would be mobile Z0 Internal
at vessel brea n?

77. Is there water in the reactor cavity Summary
78. What is the mode of vessel breach? 20 Internal
79. Is there a high pressure melt ejection? 20 Internal
80. Does a large ex-vessel steam explosion occur? 20 MCCI

81. What is the amount of 112 released at vessel breach? P In-Vessel
82. Ilow much hydrogen is released at vessel breach? UFUN-Int
83. What is the peak pedestal pressure at vessel breach? P Loads *

84 Does the RPV pedestal fall due to pressurization 20 UFUN-Int
at vessel breach?

85. What is the pressure rise from VB7 P Loads

86. Does the RPV pedestal fail from an ex-vessel steam SF Internal
explosion (impulse loading)?

87. Does the cavity floor fall from core debris attack? 20 MCCI
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Table 3.3-1 (Continued)
Questlons in the LaSalle APET

Question Question Quantification
Number Sampling

88. When does the cavity floor fall? Summary
89. Does a FCI fail the drain pipe outside the SF Internal

containment?
90. Does the drywell fail on pedestal failure? Zo Internal

91. Does pressurination fall the containment at VB7 Z0 UFUN-Str
92. What is the CF mode at VB from overpressure? 20 UPUN-Str
93. Is there a leak in the drywell head af ter VB7 Summary
94. Is there a leak in the drywell after VB7 Summary
95. Is there leakage in the wetwell after VB7 Summary

96. What is the location of containment failure af ter VB7 Summary
97. What is the containment leakage level after VB7 Summary
98. Is the suppression pool drained following VB7 Internal
99. Is AC power not available late? SF ROSP
100. What is the status of IIPCS af ter vessel breach? SF AcFrqAn

101. Wluit is the status of low-pressure ECC af ter VB7 SF AcFrqAn
102. What is the status of CRD after vessel breach? SF AcFrqAn
103. Is RilR operating late? SF AcFrqan
104. Do containment sprays operate following VB7 SF AcFrqAn
105. Is water supplied to the debris late? Internal

106. What.is the nature of the core concrete interactions? Zo Internal
107, _ What fraction of core not participating in llPME P Internal

participates in CCI?
108, llow much 112, CO, and CO2 are produced during CCI? UFUN-Int
109. -What is the level of Zire. oxidation in the Summary

pedestal before CCI?
110. What is the pressure rise after VB7- UFUN-Int

111. Is the vent threshold reached after VB7 Summary
112; 1s the containment vented late? SF AcFrqAn
113. Ilow much concrete must be eroded to cause pedestal P Internal

failure?
114 At what time does pedestal failure occur? 20 MCCI
115. Does the drywell fail from late pedestal failure Internal _

before overpressure?
'

116. Is AC-power recovered very late? ROSP
117. Is RilR operating very late in the accident? SF AcFrqAn

-|
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Table 3.3-1 (Continued)
'

Questions in the LaSalle APET

Question Question Quantification
Number Sampling

118. Do containment sprays operate very late in the SF AcFrqAn
ateident?

119. What is the pressure very late in the accident? UFUN-Int
120. Does the containment fail at low pressure from Summary

temperature in the drywell?

121. If the containment fails from temperature where Summary
does it fail?

122. Does the containment fall late from overpressure? 20 UFUN-Str
123. What is the CF mode late? Zo URJN Str
124. Is there a Icak in the drywell head late? Summary
125. Is there a leak in the drywell late? Summary

126. Is there a leak in the wetwell late? Summary
127. What is the location of late containment leakage? Summary
128. What is the level of late containment leakage? Summary
129. Is the suppression pool drained late? Internal
130. What is the level of late suppression pool bypass? Summary

131. What is the level of late RxBldg bypass w/o a burn? 20 UFUN-Str
132, Does the standby gas treatment work late without Internal

a late hydrogen burn?
133. Does hydrogen burn in the RxBldg after VB7 Loads
134. What is the level of late RxBldg bypass from 20 UFUN-Str

hydrogen Surns?
135. 'What is the level of late RxBldg bypass? Summary

Notes to Table 3.3-1

Note 1. The Alpha modo of vessel and containment failure was previously
considered by the Steam Explosion Review Group. The distribution used in
this analysis is based on information contained in the report generated by
this group.

Key to Acronyms in Table 3.3-1

AcFrqAn The _ quantification was performed by - the Accident Frequency
Analysis proj ect staff. !

|
,

!

!

|
,
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Table 3.3e1''(Concluded)-
Questions'in the LaSalle APET

-Internal The quantification was performed at Sandi'a National
Laboratories by the _ pt oject - team with the assist ance of other-

members of the laboratory staff.

In Vessel This question was quantifled by sampling from an ~ aggregate
distribution provided by the Expert Panel on In-Vessel Issues.

Loads This question was quantified by sampling from an aggregate
distribution provided by.the Expert _ Panel on Containment Loads-
Issues,

MCCI This question was quantified by sampling from an aggregate
distribution provided by the Expert Panel . on Molten
Core / Containment Interaction Issues.

P A value, sampled from a distribution, is assigned to a
parameter,

PDS _The quantification follows directly from the definition of the
Plant Damage State,

ROSP- This question was quantified ' by sampling from a -distribution
derived from the offsite power recovery data for the plant.

SF Split fraction sampling the branch probabilities are real-

numbers between zero and one,

Struct This question was quantified by sampling from a aggregate
distribution provided by the Expert Panel on Structural
Issues.

Summary The quantification for this question follows directly from the
branches taken at preceding' questions, or the values of
parameters defined in_ preceding questions,- =

_

1
UFUN-Str This question is uunntified by the execution of a module in '

the User Func t ior. subroutine, using dis tribut ion': from the -
Structural Expert Panel

UFUN Int This question is quantified by the execution of.a module it
the User Function subroutine using models and data generated
by the project staff,

20 Zero-one sampling - the branch probabilities are either O',0 or
1,0.

TEMAC Split fractions from TEMAC4 are t.s e d to quantify this
question,

.. _
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L Late Questions 99 thru 115 determine'the' progression of the-
accident ~during the core-concretc _ _ interaction phase.
The recovery of AC power is addressed during this time
period as well as _the status of coolant injection
systems and containment heat removal systems. This
section also establishes the nature of CCI,-the amount
of concrete eroded in the pedestal during'CCI, and.the
containment pressure late in the accident. The
probability that the containment is vented is also
considered.

VL Very Late Questions 116 thru 135 determine the very late
conditions. Questions 116 thru 120 determine.the very
late progression of the accident. These questions
allow for very late recovery of AC power and-
containment heat removal systems during accidents in
which the containment has r.ot failed. The contaltunent
pressure during this time period is also addressed.
Questions 121 thru 135 determine the final status of

' - the containment and reactor building integrity.

The clock time for each period will vary depending upon the type of
accident being modeled.

This APET does not contain any questions to resolve core _ vulnerable
sequences (sequences for which the issue of core damage has not been

,

i- decided). In NUREG-1150,6 core vulnerable sequencee - from the Level I
analysis were resolved in the Level II analysis and question relating to
their resolution appear in the APET. For the LaSalle analysis, all of the i

core-vulnerable sequences were resolved in the Level I portion of the PRA.
Thus, all of the sequences propagated through the Level II analysis
involved core damage.

I In several_ places in the evaluation of the APET, a user function is called.
This is a FORTRAN function subroutine which is executed at that point.in
the evaluation of the APET. The user function allows computations . to be _-
carried out which are too complex to be treated directly in the event tree.
The user function itself is_ listed in Appendix B.4, and the general types
of calculations performed by - the user function are described below. The
user function for the LaSalle APET is called to:

* Determine the containment baseline pressure during the various
time periods.
Compute the amount of hydrogen released ti the contaitunent at*

the time of vessel breach and during CC1,
Calculate the pressure rise due to hydrogen burns in thee

reactor building,
e ' Determine the peak pressure i; the reactor building that

results from containment failure or venting,
Determine whether the containment-fails and the mode of*

failure, and
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+ De termine -whether the reactor building falls and the mode of
failure f rom. pressurization events associated with hydrogen
burns in the reactor building or blowdown following contairunent
failure.

3.3.2 overview of t he APET Quantification

This section stunmarizes the ways in which the questions in the LaSalle APET
were quantified and discusses these methods briefly.

In addition to the ntunber and name of the question, Table 3.3-l' indicates
if the question was sampled, and how the question was evaltated or
quantifled. In the sampling column, an entry of P indicates that a
parameter is sampled from a distribution. The entry 20 .in the sampling -
column indicates that the question was sampled zero-one, and the entry SF
means the quearlons was sampled with split fractions. The difference may
be illustrated by a simple example Consider a question that han two
branches, and a uni fo rm distribution from 0.0 to 1.0 for the probability
for the first branch. If the sampling is zero-one, in half the,

observations, the probability for the first branch will be 1.0, and in the
other half of the observations it will be 0.0. If the sampling is a split
fraction, the probability for the first branch for each observation is a
random fractional value between 0.0 and 1.0. The average over all the
fractions in the sample is 0.50. The implications of zero-one or split
fraction sampling are discussed in the methodology volume of NUREG/CR-
4551, * the NUREG-1150 technical support documents. If the sampling coltuun
is blank, the branching ratios for that ques ti on , and the parameter values
defined in that that question, if any, are quantified with a single fixed
value.

The number of questions that were quantified using the various information
sources listed in Table 3.3 1 (e.g , accident frequency analysis) are
summarized in Table 3.3-2.

Many of the questions in the APET were quantified using distributions
generated by the expert - panels that were formed during the NUREG-1150
proj e c t . Some of the issues that were preser.ted - to -these expert pancis
were specifically for the LaSalle plant. These issues included the
containment failure pressure (Structural Response - Panel) and the reactor
cavity failure probability (Molten Core / Containment Interaction - Panel) ,
described -in Appendix B.7 and B8 of Vvolume 2 of this - report,,

respectively. Other issues were general - for BWRs; however, the actual

i

* E. D. Corham, J. C. llelton, R. J . Breeding, S. C. !!o ra , W. B. Murfin, |
J. L. Sprung, and F. T. Ilacpe r , "Evaluatior of Severe Accident-Risks- |

iMethodology for the Accident Progression, Source Term, Consequence,
Risk Integration and Uncertainty Analyses ," NUREG/CR-4551, Vol.

*

.

Rev. 1, SAND 86-1309, Sandia National Laboratories, in prcparation.

1
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Table 3.3 2
1.aSalle APET Quantification Summary

Type Ncmber Comments
of of

Quant. Questions

TEMAC/PDS 18 Determined by the Plant Damage State or TEMAC.

| AcFrqAn 17 Determined by the Accident Frequency Analysis.
_.

Ir ernal 30 Quantified internally in this analysis.

Summary 37 The branch taken at this question follows directly
from the branches taken at previous questions.

ROSP 3 This question was quantified by sampling a
distribution derived from the offsite power recovery
data for the plant.

UFUN-Str 11 Calculated in the User Function using distributions
from the Structural Expert Panel.

i

UFUN-Int 7 Calculated in the User Function using models and data
generated by the project staff,

,

!

In-Vessel 2 Distributions from the In-Vessel Expert Panel.

Loads 5 Distributions from the Containment Loads Expert Panel

MOCI 3 Distributions from the Molten Core-Containment
Interaction Panel.

Struct 1 Distributions from the Structural Expert Panel.

Other Expert 1 See Note 1 of table 3.3-1.
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I
I values determined for LaSalle could be different. These issues included:

in-vessel hydrogen production (In-Vessel Phenomenology Panel), reactor
building failure pressure (Structural Response Panel), and the reactor

hydrogen burn (Containment Loads Panel),building pressure following a

described in Appendix B.') thru B.ll, respectively. Additional issues were
quantified by modifying issues that were presented to the panel for a
different plant. These issues included: c onta inn.e n t loads accompanying
vessel breach (Containment Loads Panel), peak pedestal pressure at vessel
breach (Containment Loads Panel), and the probability of pedestal failure
caused by concrete erosion (MCCI Panel). The issues quantified by the
expert panels for the NUREG-llSO study are described in NUREG/CR-4551,
Volume 2.7

In some cases, a question may have been quantified by more than one source.
If this is the case, the entr, under Quantification in Tabl( 3.3-1

_

represents the maj or contributor to the quantification. Por example,
Question 66, which addresses the pressure in the reactor building following
containment failure. was quantified by the Containment Loads expert panel
and by the project staff of this study. The majority of cases were
quantified by the expert panel. There were several cases, however, that
the exper panel felt were not important. These cases were quantified
internally by the project staff. However, because the maj ority of the
cases were quantified by the expert panel, the entry in Table 3.3-1 for
Question 66 indicates that this question was quantified by the Containment
Loads Expert panel.

3.3.3 Variables Sampled for the Accident Progression Analysis

The LaSalle APET consists of 135 questions. However, as was described
a case structure which allows differentpreviously, each question may have

branch probabilities to be used depending on the branches taken in previous
questions. Thus, the number of branch probabilities used in this analysis
will exceed the number of branches. In addition to branch probabilities , -

parameter values (e.g., containment failure pressure) can also be assigned
in a question. However, not all of these probabilities and parameters were
included in the uncertainty analysis. Only the variables that had broad
distributions and that were assessed to be important to the accident
progression were included in the uncertainty analysis. Even though all of
the branch probabilities and parameters used in the APET were not included
in the uncertainty analysis , the number of variables that were sampled is
still large In fact, about 172 variables were sampled for the accident
progression analysis. (We use "about" because the variables can be counted
differently. For Example if you count correlated and uncorrelated
variables separately or if you count each case of a variable separately
s inc e - the same variable can be quantified in different ways depending on
the initial conditions.) That is, every time the APET was evaluated by
EVNTRE, the original values of about 172 variables were replaced with
values selected for the particular observation under consideration. These
values were selected by the LHS program from distributions that were8
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defined before the APET was evaluatid. Many of these distributions were
determined by expert panels. Table 3.3-3 lists the variables in the APET
which were sampled for the accident progression analysis. .Some of them are
branch split fractions; the others are parameter values for use in
calculations performed while the APET is being evaluated,

In Table 3.3-3, tLe firrt coliamn gives the variable abbreviation - or
identifier, and the question (and case if appropriate) in which the
variabic is used. For example, the first varfable, RA-01, in Table 3.3-3
is the recovery probability for injection, sprays,. containment heat
removal, and venting. This variable - is used to quantify branch
probabilities for the following questions: cases 5, 6, and 9 in question
40; case 4 in question 41; case 3 in question 49; case 3 in question 103;

3 in question 112, case 3 in question 117; andcase 2 in question 104; case
case 3 in question 11S. Thus, for all of these cases the same branch
probability is used. Even though the entry under " Correlation" is none,
all of the cases- in this example are completely correlated (i.e.,

correlation of one) because they use the same variable. The ' Correlation"
,

column is used to refer to correlation among different variables. Thus,

the variable RA-Cl is not correlated with any other variables in this
analysis. Where several variables are correlated, they are treated as one
variable in the sensitivity analysis (see Chapter 6), but are different,

variables as far as the accident progression analysis and sampling process
are concerned.

,

The second column lists the Uls variable number. This number is simply the

variable position in the UlS san:ple (i.e., variable 1 is the first variable
in the sample). Many of the variables in the Uls sample are used in the
accident frequency analysis and the source term analysis but are not used
in the accident progression analysis. Thus, Tabic 3.3-3 will not include
all of the variables in the U!S sa.nple (e.g., variables 1 through 27 are

only used in the accident frequency analysis). This number is used in the
UlS input and output presented in Appendix G. Th nu.Aer is also used in

j the sensitivity analysis,

The third column gl.ves the minimum and maximum values of the distribution.
An entry of "Zero/One" in this column indicates that the variable was
sampled Zero-one , i.e., it took on only the values 0.0 and 1.0. In each

,

observation, one of these two values would be assigned. The definition of
the minimum and maximum values that appear in Table 3.3-3 depends on ' the
type of distribution that is being described. For lognormal distributions,
the minimum and maximum values correspond to the 0.001 and 0.999 quantile,
respectively. For variables that are described by a user supplied
distribution (e.g., distributions from an expert panel), the minimum and
maximum values corresponded to the minimum and maximum values of _ the
distribution (* c., O and 1.0 quantiles, respectively). For distributions

that are gene: 4ted in the extender code (see Appendix G), the minimum and
maximum values correspond to the minimum and maximum value in the dis

lognorumlsample For example, the' variable RA-G1 is . described by a
distribution with a mean of 2.1E-03, The values of this variabic at the
0.001 and 0.999 quantile are 2.7E-05 and 4.OE-02, respectively.
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Table 3.3-3 i

Variables Sampled in the Accident Progression Analysis
t

>

Variable LHS Range Distri- Corre- Correl. Description
Question ir bution lation with

,

(& Case
-[
-t

i RA-G1 28 2.7E-5 Lognormal None Probability of recovery for injection, sprays,
'

4.0E-2 M-2 1E-3 containment heat removal, and venting.
;
;

4

Q40 C5,6.9 Q41 C4, Q49 C3, Q103 C3,
Q104 C2, Q112 C3, Q117 C3, Q118 C3 !,

3
-

.

!
RA-Gil 29 7.9E-6 Lognormal None Probability that RCIC is recovered at the

,

; Q40 C1 4.5E-2 M-1.6E-3 Remote shutdown panel during fire PES.
~,

y RA-G3 30 1.3E-5 Lognormal None Probability that operators recovery mainfeed !
'

y Q40 C2,3- 7.4E-2 M-2.6E-3 water or condensate during.an ATWS.;
.

RA-C2 32 1.1E-5 Lognormal None Probability that the operators depressurice j

6.2E-2 M-2.2E-3 the RPV; probability that LPC or CDS is }
is recovered.

Q35 C3,8,9 Q39 C4, Q40 C8 :
:

RA-G-10 40 0.01 Max. Entropy None Probability that the operators use the diesel

; Q40 C10 1.00 M-0.09 driven firewater pumps for injection. ;

CFMODE 57 '0.00 Uniforu None Random number used to' determine the
-

.

Q25 C1 1.00 M-0.5 containment failure mode.

CFPress 104 10.6 Expert None Containment failure pressure (Bar).

Q25 C1 20.0 M-14.2

F-ADS-1.k 106 0.00 Internal None Probability that containment leakage will' fail
1.00 M-0.50 ADS (severe environment in the containment). ,

i
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Table 3.3-3 (Continued)

Variables Sampled in'the Accident Progression Analysis

Variable LHS Range Distri- Corre- Correl. Description
,

Question a bution lation with
& Case

F-ADS-Rpt 107 0.00 Internal None Probability that containment rupture will fail
Q35 C7 1.00 M-0.38 ADS (severe environment in containment).
SRVBkr1 108 0.01 Uniform None The failure probability of a SRV tailpipe
Q37 C3 0.50 M4. 25 vacuum breaker during a non-ATWS.

SRVBkr2 109 0.01 Uniform None The failure pro'> ability of a SRV tailpipe
Q37 C2 0.10 M-0.055 vacuum breaker during an ATUS.

w H21NVES1 110 32.4 Experts Rank 1 110-115 The amount of H2 (Kg-moles) produced duringh Q44 C5 1082 M- 400 Rank -1 163-168 CD. The RPV is at high pressure and. coolant-"
is not restored to the core (non-ATWS).

H2INVES2 111 0.0 Experts Rank 1 110-115 The amount of H2. (Kg-moles) produced during
Q44 C3 927 M-296 Rank -1 163-168 CD, The RPV is at high pressure and coolant

is restored to the core during CD (non-A'IVS).

H21NVES3 112 0.00 Experts Rank 1 110-115 The amount of H -(Kg-moles) produced during2
Q44 C6 1145 .1-414 Rank -1 163-168 CD. The RPV is at low pressure and coolant

is not restored to the core (non-ATWS).
.

H2INVES4 113 0.0 Experts Rank 1 110-115 The amount of H2 (Kg-moles) produced during
Q44'C4 804 M-252 Rank -1 163-163 CD. The RPV is at low pressure and coolant

j is restored to the core during CD (non-ATUS).

H21NVES5 114 0.00 Experts Rank 1 110-115 The amount of H2 (Kg-moles) produced during
Q44 C2 1128 M-410 Rank -1 163-168 CD. The PDS is an'ATWS and coolant'is not

restored to the: core.
,

b

L

i
I
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Table 3.3-3 (Continued)
Variables Sampled in the Accident Progression Analysis

>

Variable IRS Range Distri- Corre- Correl. Description

Question # bution lation with
& Case

,

H2INVES6 115 00 Experts . Rank 1 110-115 The amount o.f-H2 (Kg-= oles) produced during
| Q44 C1 850 M-197 Rank -1 163-16S CD. The PDS is an AT.iS and coolant is

restored to the core during CD.

F-HPCS-R 116 7.9E-2 Experts None Probability HPCS will fail because of severe4

Q61 C2,6 1.0 M-0.89 environments following containment rupture.
,

i F-HPCS-L 117 0.35 2.xperts None Probability HPCS will fail because.of severe

| 061 C3,7 '1.00 M-0.79 environments following containment leakage.
t u

( b F-HPCS-V 118 0.25 Experts None Probability HPCS will fail because of severe
"

| Q61 C4,8 1.00 M-0.96 environments following containment venting.
t

F-LPI-R 119 2.3E-3 Experts None Probability LPI will fail.because of severe

1._ 0 M-0.69 environments following containment rupture-

Q62 C2,6.10 Q63 CS (also used for RCIC failure ).

F-LPI-L 120 5.5E-3 Experts None Probability LPl vill fail.because of severe

1.0 M-0.73 environments following containment leakage
Q62 C3,7,11

F-LPI-V 121 1.4E-3 Experts None Probability LPI will fail because of severe
1.00 M-0.63 environments following containment venting

Q62 C4,7,11 Q63 C6 (also used for RCIC failure).

F-CRD-R 122. 0.49' Experts None Probability CRD will fail because of severe
Q64 C2,6 2.00 M-0.89 environments following containment rupture.
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Table 3.3-3 (Ccntinued) lVariables Sampled in the Accident Progression Analysis i

J

i

!Variable LHS Range Distri- Corre- Correl. Description
Question. # bution lation with
& Case

F-CRD-L 123 0.54 Experts None Probability CRD will fail because of severe 5
Q64 C3,7 1.00 M-0.79 environments following containment leaka ;e.

'

F-CRD-V 124 0.60 Experts None Probability CRD vill fail because of severe
{

,

Q64 C4,3 1.00 M-0.96 environments following containment venting.
;
tP-RB-nH2 125 0.0 Uniform None Random number used to select the peak

Q66 C1 1.0 M-0.5 pressure in the reactor building- no H2 burn.
!y RBFPres 126 0.0 Uniforrn None Random number used to select the reactor |Q66 Cl 1.0 M-0.5 building failure pressure.
(

N

P-RB-H2 127 0.0 Uniform None Random number used to select the-peak.
[

P

Q66 Cl 1.0 M-0.5 Pressure in the RxBldg from a H2 burn.
|t

RBH2Brn 128 Zero Burn-0.83 None Probability of a hydrogen burn in the [
Q69 C3 129 one nBrn-0 17 reactor building following CF.

|

Alphal 130 1.0E-7 Internal Rank 1 131 Probability that an alpha mode event occurs ;
Q74 C2 0.76. M-0.009 conditional on an in-vessel steam explosion. ;

RPV is at high pressure. 'l
,

.

Alpha 2 131 1.2E-7 Internal Rank l' 130 Probability that-an alpha mode event occurs ;
Q74 C3 0.88 M-0.01 conditional on an in-vessel steam explosions. ,

RPV is at low pressure. -i

F-RPV-SE 132. Zero 'BtHd 0.2 None Tne probability that an in-vessel t team
Q75 C2 133 One -LgBrch 0._2 explosion will fail the RPV.

134 SmBrch 0.3 *

135 nFall 0.3

i.

_
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Table 3.3-3 (Continued)i
Variables Sampled in the Accident. Progression Analysis

:

; Variable Il!S' Range Distri- ~Corre- Correl. Description '

Question # bution lation with
&__ Case

'

E-StmExl Zero SEPool 0.00 None The probability that ex-vessel steam explosion hQ80 C3 155 One SEPipe 0.54 occurs in a dry cavity with a small amount. j
.156 nEXSE 0.46 of colten core debris (StmEr in pipe). t

E-SemEx1 157 Zero SEPool 0.58 None The probability tha' ex-vessel steam explosion,

Q80 C4 158 One SEPipe 0.14 occurs in a wet cavity with a large amount t
,

'
159 nEXSE 0.28 of molten cere debris.

-|.

E-StmEx1 160 Zero SEPool 0.48 None The probability that ex-vessel steam explosion
y Q80 C5 161 One SEPipe 0.10 occurs in a wet cavity with'a small amount ;;g 162 nEXSE 0.42 of molten core debris. !,

t

.iH2AVB1 '163 0.0 -Experts Rank 1 163-168 The . amount of H2 (Kg-moles) produced at'VB.
|

;

QS1 C6 556 M-208 Rank-1. 110-115 PDS is not an ATWS, the RPV is pressurized,- |
1

and coolar t is not restored during CD.
]I
Ii H2AVB2 164 0.0 ExpertsL Rank 1 163-168 The amount of H2 (Kg-moles)' produced at VB.

Q81 C4 232 M-47 Rank-1 110-115 PDS is not an ATUS, Che RPV,is pressurized,
and coolant is restored to, the RPV during CD. i

i

H2AVB3 165 0.0 Experts Rank.1' 163-168 The amount.of H2-(Kg-moles) produced at VB. ;
'

i Q81 C7 371 M-55 Rank-l~ 110-115 PDS is a not an ATWS, the RPV pressure is low; [.

and coolant is not restored.during CD. ;
;

H2AVB4 166 0.0 Experts Rank 1 163-168 The amount of H2 (Kg-moles) produced at VB. .i
Q81 C5 139 M-24 Rank-1 110-115 PDS is a not an ATUS, the RPV prescure is low

and coolant is restored to the RPV during CD.
1

H2AVBS' 167.'O.0 Experts Rank 1 '163-168 The amount of H2'(Kg-moles) produced at VB
Q81 C3 '572 M-79 Rank-1 110-115 during an ATUS in which coolant injection'is {

not restored to the RPV.
'

t
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Table 3.3-3 (Continued) [,

-Variables Sampled in the Accident Progression Analysis ;
,

;

Variable .LHS Range Distri- Corre- Correl. Description

Question # bution lation with
& Case

t

,

H2AVB6 168 0.0 Experts Rank 1 163-168 The amount of H2 (Kg-moles) produced at VB
,.

Q81 C2 695 M-55 Rank-1 110-115 during an ATUS in which coolant injection is'

restored to the core during CD. ,|
.t

PedVB1 169 5.50 Experts Rank 1: 170,173 The peak pedestal cavity pressure (bar) at VB. !
'

Q83 C3 83.70 M-35.80 174,184,185,188 RFV fails at high pressure into a wet cavity
189,196,197,200 (Expert Case 1-HC); differential pressure.< ,

201 |
Y i

PedVB2 170 4.68 Experts Rank 1: 169,173 The peak pedestal cavity pressure (bar) at VB. '
i

7
g

| Q83 C4 83.70 M-27.80 174,184,185,188 RPV fails at high pressure'into a wet cavity -

,

|
189,196,197,200 (Expert Case 1-hC), .

I
201 !

t

| PedVB3 171 3.85 Experts Rank 1: 172,175 The peak pedestal cavity pressure (bar) at VB.
i Q83 C5 6O.00 M-30.80 176,186,187,190 RPV fails at high pressure into a dry cavity

*

191,198,.199,202 (Expert Cara 2-HC).'

!!. 203
!
5

PedVB4 172 0 00 Experts Rank 1: .171,175 The peak pedestal cavity pressure (bar) at VB.
.

i

Q83 C6 49.80 M-17.20 176,186,187,190 RPV fails at high pressure into a dry cavity
191,198,199,202 (Expert Case 2-hC). j
203

i

! PedVB5 173 4.40 Experts Rank'1: 169,170' The peak pedestal caviqr pressure (bar) at VB. ,

Q83 C7 67.00 M-32.50 174,184,185,188 RPV fails at high pressure.into a wet. cavity- {
'

.
189,196,197,200 (Expert. Case 1-He).

| 201 [
;

f
I,
-

l
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i Table 3.3-3 (Continued) I
-

Variables. Sampled in the Accident Progression Analysis

I

Variable LHS Range Distri- Corre- Correl. Description
'

g
Question # bution lation with

:6 Case ~

!
PedVB6 174 3.74 Experts Rank 1: 169,170 The peak pedestal cavity pressure (bar) at VB. .i

i Q83 C8 56.90 M-21.70 173,184,185,188 RPV fails at high pressure into a wet cavity 'i
189,196,197,200 (Expert Case 1-hc). !
201 2

!

PedVB7 175 3.08 Experts Rank 1: 171,172 The peak pedestal cavity pressure (bar) at VB. !
QS3 C9 60.00 M-28.50 176,186,187,190 RPV fails at high pressure into a dry cavity *

191,198,199,202 (Expert Case 2-He).
203 }

'

w
L, 'PedVB8 176 2.62 Experts Rank 1: 171.172 The peak pedestal cavity pressure (bar) at VB. ;
""

Q83 C10 39.90' M-14,30 175,186,187,190 RPV fails at high pressure into a dry cavity (
191,198,199,202 (Expert Case 2-hc). ;

203 ;

!
PedVB9 177 2.00 Experts -Rank 1 178-182 The peak pedestal cavity pressure (bar) at VB. t

Q83 C12 42.00 M-11 20 192-195 RPV fails at low pressure into a wet cavity j,

Q83 C14 (Expert Cases 3-OHC and 3-oHC). !

i

PedVB10 178 1.38 Experts Rank 1 177 The peak pedestal cavity pressure (bar) at.VB. ;

Q83 C13 24.00 M-7.4 179-182 RPV fails at low pressure into a wet cavity ,

192-195 (Expert Case 3-OhC). ;

i

PedVB11 179. 0.69 Experts. Rank 1 177,178 The peak pedestal cavity pressure (bar) at VB.
,

QB3'C15 24.00 M-5.57 180-182 RPV fails at low pressure into c wet. cavity ;

192-195 (Expert Case 3-ohC).

''
PedVB12 180 -1.00- Experts Rank 1 177-179 The peak pedestal cavity pressure .(bar) at VB.

.Q83 C16 42.00 M-10.00 181,182 RPV fails at low pressure into a wet' cavity
'

192-195 (Expert Case 3-OHc). [
!
:

f

I
i

!
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Table 3.3-3 (Continued)
Variables Sampled in the Accident Progression Analysis [

f

Variable- LHS Range Distri- Corre- Correl. Description -

Question #. bution lation with |

& Case
!

PedVB13 181 1.00 Experts Rank 1 177-180 The peak pedestal cavity pressure (bar) at VB.
Q83 C17 21.00 M-6.06 182 RPV fails at low pressure into a wet cavity- ,

Q83 C18 192-195 (Expert Cases 3-Ohc and 3-oHc). >

'
1

*

' Experts Rank 1 177-181 The peak pedestal cavity pressure'(bar) at VB.O.69PedVB14 182
Q83 C19 16.00 M-4.36 192-195 RPV fails at low pressure into a wet cavity 2

! (Expert case 3-ohc).

PedFail 183 11.4 Internal None Pedestal failure pressure (bar)

y Q84 C1 38.6 M-25.24 (differential pressure)
[

'
'U

DWPVB1- 184 0.00 Experts Rank 1: 169,170 The peak drywell pressure differential-(bar) !

Q85 C3 20.00 M-4.34 173,174,185,188 at VB. RPV fails at high pressure into a wet
189,196,197,200 cavity; no ped. failure'(Expert Case 1-HC). ;

201

DWPVB2 185 0.00 Experts Rank 1: 169,170 The peak drywell pressure' differential (bar)
Q85 C4 20.00 .M-3.33 173,174,184,188 at VB. RPV fails at high' pressure into a wet ,

189,196,197,200 cavity; no ped. failure-(Expert Case 1-hC).
4 201 -

t

DUPVB3. 186' O.33 Experts Rank 1: 171,172 lie peak drywell pressure differential (bar) i

Q85 C5 9.50 M-3.92 175,176,187,190 at VB. RPV fails at high pressure into a dry i
~

191,198,199,202 cavity; no ped, failure (Expert Case 2-HC). |
,

y203' ..
,

* r

! DWPVB4 187 0.20' Experts' Rank 1: 171,172 The peak drywell. pressure differential (bar)
Q85 C6 5.31: M-2.42 175,176,186,190 at VB. RPV fails at high pressure into a dry |

191,-198,199,202 cavity;ono ped. failure (Expert Case 2-hC). |
.

'

203

.

*

!
<
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Table 3.3-3 (Continued)
Variables Sampled in the Accident Progression Analysis

__

Variable LHS Range Distri- Corre- Correl. Description
Question # bution lation with
& Case

DWPVB5 188 0.00 Experts Rank 1: 169,170 The peak drywell pressure differential (bar)
Q85 C7 20.00 M-4.25 173,174,184,185 at VB. RPV fails at high pressure into a wet

189,196,197,200 cavity; no ped. failure (Expert Case 1-Hc).
201

DWPVB6 189 0.00 Experts Rank 1: 169,170 The peak drywell pressure differential (bar)
Q85 C8 20.00 M-3.10 173,174,184.185 at VB. RFV fails at high pressure into a wet

188,196,197,200 cavity; no ped. failure (Expert Case 1-he).
201

T
O DVPVB7 190 0.33 Experts Rank 1: 171,172 The peak drywell pressure differential'(bar)

Q85 C9 8.50 M-3.37 175,176,186,.187 at VB. RFV fails at high pressure into a dry
191,198,199,202 cavity; no ped failure (Expert Case 2-Hc).
203

DUPVB8 191 0.20 Experts Rank 1:'171,172 The peak drywell precsure differential .bar)
Q85 C10 5.31 M-2.22 175,176,186,187 at VB. RPV fails at high pressure into a dry

190,198,199,202 cavity; no ped. failure. (Expert Case 2-he).
203

DUPVB9 192 0.00 Experts Rank 1 177-182 The peak drywell pressure differential-(bar)
Q85 c12 20.00 M-2.94 193-195 at VB. RPV fails at low pressure into a

dry cavity (Expert Case 3-HC).

DWPVB10 193 0.00 Experts Rank 1 177-182 The peak drywell pressure differential (bar)
Q85 C13; 20.00 M-2.41 192 at VB. RFV fails at low pressure into a

194,195 dry cavity (Expert Case 3-hC).

DWPVB11 194 0.00 Experts Rank 1 177-182 The peak drywell pressure differential-(bar)

Q85 C14 20.00 .M-2.90 192,193 at VB. RPV fails at low pressure into a
195 dry cavity (Expert Case 3-Hc).

-

_ . _ - _ - _ .
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Table 3.3-3 (Continued) !,

|- Variables Sampled in the Accident Progression Analysis ;

: i
,

Variable LHS Range Distri- Corre- Correl. Description
'

,
Question w bution lation with j

| 6 Case
|

'

!' DVPVB12 195 0.00 Experts Rank 1 177-182 The peak drywell pressure differential (bar)'
.

; Q85 C15 20.00 M-2.38 192-194 at VB. RPV fails at low pressure into a
i dry cavity (Expert Case 3-he).

DVPVB13 196 0.00 Internal Rank 1: 169,170 The peak.drywell pressure differential (bar) !

! Q85 C3 20.00 M-8.30 173,174,184,185 at VB. RPV fails at high pressure into a vet' ,

188,189,197,200 cavity; pedestal failure (Expert Case 1-HC).
,

201 |
'

#

| y DWPVB14 197 0.00 Internal Rank 1: 169,170 The peak drywell pressure differential (bar) j
.y Q85 C4 20.00 M-6.36 173,174,184,185 at VB. RFV fails at high pressure into a wet !

IC 3,189,196,200 cavity; pedestal failure (Expert Case 1-hC).
201 j

,

I DWPVB15 198 0.33 Internal Rank 1: 171,172 The peak drywell pressure differential (bar)
. Q85 C5 20.00 M-8.1 175,176,186,187 at VB RPV fails at high pressure into.a dry
,
'

190,191,199,202 cavity; pedestal failure (Enpert Case 2-HC).
203

DWPVB16 199 0.20 Internal. Rank 1: 171,172 The peak drywell pre.. e differential (bar) ,

QS5 C6 20.00 M-6.28 175,176,186,187 at VB. RFV fails at high p.issure into a dry !

-190,191,198,202 cavity; pedestal failure (Expert | Case 2-hC). ,

203
;

DWPVB17 200 0.00 Internal Rank 1: 169,170 The peak drywell pressure differential (bar) .,

Q85 C7 20.00 M-8.29 173,174,184,185 at VB. RFV fails at high pressure into a wet j

.188,189,196,197 cavity; pedestal failure-(Expert Case 1-Hc). Lj
,

: 201'
;

;

_ . _ . _ _ . _ . _ _ . _ _ _ . _ _ _ _ 7 -a
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Table 3.3-3 (Continued)
Variables Sampled in the Accident Progression Analysis

<

r

!-
tvariable UlS Range Distri- Corre- Correl. Description

-|Question # bution lation with
+

& Case
,

.

DWPVB18 201 0.00 Internal Rank 1: 169,170 The peak drywell pressure differentia? (bar)
:Q85.C8 20.00 M-5.58 173,174,184,185 at VB . RPV fails at high pressure into a wet' '

188,189,196,197 cavity; pedestal failure (Expert Case 1-he).
200

.1DWPVB19 202 0.33' Interval Rank 1: 171,172, The peak drywell pressure differential (bar) !

Q85 C9 20.00' M-7.52 175,176,186,187 at VB. RPV fails at high pressure into a dry |190,191 198,199 cavity; pedestal failure (Expert Case 2-Hc).
203 !

w
.

u DWPVB20 203 0.20 Internal Rank 1: 171,172 The peak drywell pressure. differential (bar)
Q85 C10 20.00 M-5.63 175,176,186,187 at VB. RPV fails at high pressure into a dry. i

190,191,198,199 cavity; pedestal failure (Expert Case 2-he).
202 I

PedExSE1 204 0.00 Internal None The probability that the pedestal does not
Q86 C1 1.00 M-0.5 fail given that an ExSE occurs at VB.

' |!
PedExSE2 205 0.00 Internal None The probability that the pedestal floor fails j
Q86 C1 1.00 . M-0.5 given that,the pedestal fails from ExSE.

,

CavFail 206 Zero CavF30 0.82 None The probability that the cavity floor fails '

Q87 C3 207 One CavF1h 0.07 during various time intervals due to core i

208 CavF2h 0.08 debris attack when a large mount of core : !
209 noCavF 0.03 debris is involved in a ExSE in the pool. .i

.CavFall 210 Zero CavF30 0.97 None The probability that the cavity floor fails |
! .Q87 :C4 ' 211 One CavP1h 0.02 .during various time intervals due to core

,

't212 CavF2h 0.01 debris' attack when a large amount of core
.noCa- 0.00 debris is involved in a ExSE'in the pipe.

|

!

,

_ u_. .. !
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Table 3.3-3 (Continued) 1
'

Variables' Sampled in the Accident Progression Analysis
'
,

Variable LHS Range' Distri- Corra- Correl. Description

Question # bution lation with
6 Case

t

CavFail 213 Zero CavF3) 0.15 None The probability that the cavity floor fails |
| Q87 C6 214 One CavF1h 0.18 during various time intervals due to core

215 CavF2h . 0.18 debris attack when a small amount of core'

216 noCavF 0.49 debris is involved in a ExSE in the pool. )
|

| CavFail 217 Zero CavF30 0.72 None The probability that the cavity floor fails -

[ Q87'C7 218 One CavFlh 0.11- during various time intervals due to core
! 219 CavF2h 0.08 debris attack when a small amount of core-

220 noCavF 'O.09 debris is involved in a ExSE in the pipe.

y ,
,

y CavFall 221 Zero CavF30 0.69 None The probability that the cavity floor fails !

Q87 C8 222 One CavF1h 0.06 during various time intervals due to core |
223 CavF2h 0.08 . debris attack. A small amount of core ,

,

224 noCavF 0.17 debris is released; no r.xSc..
i ,

CFDPipel 225 00 'Jniform Rank 1 226 The probability that a FCI in the cavity pool ~[
*

Q89 C1 0.1 - n-0.05 fails the drain pipe outside containment.

|. CFDPipe2 226 0.0 Uniform Rank 1 225 The probability that a FCI.in the drain pipe
Q89 C2 1.0 M-U.5 fails the drain pipe outside containment. L;

i

! DW-Ped-F 227 Zero Fall 0.175 None The probability that pedestal failure induces- ;

Q90 C1 228 One nFail 0.825 drywell failure given that the pedestal fails.
'

I CCI 229 Zero FldCCI 0.84 None The probability that the core debris in the .t

Q106 C5 230 One NOCCI 0.16 cavity is cooled (i.e., no CCI). ;'

r

Q106 C6,7
i

CD-CCIl 231 0.6 Uniform Rank 1 -232 The fraction of core-debris that participates- ;

I

Q107 C2 1.0 M-0.8 in CCI; given that a large amount of core-
debris participates in'an ExSE.

;

'

| |

.t
&. ..
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Table 3.3-3 (Continued)
Variables Sampled in the Accident Progression Analysis

Variable LHS Range Distri- Corre- Correl. Description

Question # bution lation with

& Case

CD-COI2 232 0.9 Uniform Rank 1 231 The fraction of core debris that participates

Q107 C3 1.0 M-0.95 in CCI; gi en that a small amount of core
debris participates in an Ex5E.

ConErPcd 233 0.3 Internal None The depth (M) of concrete erosion that vill
Q113 C1 1.5 M-0.92 fail the reactor pedestal.

I

PedF1G1 234 0.00 Expert Rank 1 234-261 The depth of concrete eroded (M) in 1 hour

Q114 C3 0.53 M-0.19 during CCI--Expert Group 1.
w

h PedF1G2 235 0.00 Expert Rank 1 234-261 The depth of concrete eroded (M) in 1 hour

Q114 C5 0.53 h-t.16 during CCI--Expert Group 2.

PedF1G3 236 0.00 Expe rt Rank 1 234-261 The depth of concrete eroded (M) in 1 hour

Q114 C4 0.39 M-0.14 muring CCI--Expert Group 3.

PedF1G4 237 0.02 Expert Rank ' 234-261 The depth of concrete eroded (M) in 1 hour

Q114 C9 0.60 M-0.20 during CCI--Expert Group 4

PedF1G5 238 0.02 Expert Rank 1 234-261 The depth of concrete eroded (M) in 1 bour

Q114 C8 0.61 M-0.26 during CCI--Expert Group 5.

PedFlG6 239 0.02 Expert Rank 1 234-261 The depth of concrete ero'ded (M) in 1 hour

Q114 C6 0.61 M-0.26 during CCI--Expert Group 6.

PedF1G7 240 0.02 Expert Rank 1 234-261 The depth of concrete eroded (M) in 1 hour

Q114 C7 0.41 M-0.20 during CCI--Expert Group 7.

PedF3G1 241 0.00 Expert Rank 1 234-261 The depth of concrete eroded (M) in 3 hours |

Q114 C3 0.75 M-0.32 during CCI--Expert Group 1.

|



>

s s s s s s s s s s
r r r r r r r r r r
u u u u u u u u u u
o o o o o o o o o o
h h h h h h h h h h

3 3 3 3 3 3 6 6 6 6

n n n n n n n n n n
i i i i i i i i i i

) ) ) ) ) ) ) ) ) )

M M M M M M M M M E
( ( ( ( ( ( ( ( ( (

.

d d d d d d d d d d
e ee . e . e .. e .e e e . a

d2 d3 d4 d5 d6 d7 d1 d2 d3 d4
o o o o o o o o o o
rp r p rp rp rp rp rp r p r p rp
e u e u eu e u e u eu eu eu eu eu

o o o o o o o o o o
s er er er er er er er er er er
i t G t G t G t G t G t G tG t G t G t G
s e e e e e e e e e e
y rt rt rt rt rt rt rt rt rt rt
l cr cr cr cr cr cr cr cr cr cr
a ne ne ne ne ne ne ne ne ne ne
n op o p op op op op op op op op

A cx cx cx cx cx cx cx cx cx cx
E E E E E E E E E E

n f - f - f - f - f - f - f - f - f - f - *
o n o - o - o - o - o - o - o- o - o- o-
i o I I I I I I I l I I

s i hC hC hC hC hC hC hC hC hC hC
s t tC t C tC tC t C tC tC tC tC tC
e p p p p p p p p p p p

r i eg e g eg e g eg e g e g e g e g e g
g r d n d n d n d n d n d n d n d n d n d n)

d o c i i i i i i i i i i

r s er er er er er er er er er ere
uP e h u h u hu h u h u h u h u hu h u h u
n D Td Td Td Td Td Td Td Td Td Td
i tt nn e
od . 1 1 1 1 1 1 1 1 1 1

i l 6 6 6 6 6 6 6 6 6 6C
c e 2 2 2 2 2 2 2 2 2 2(

- - - - - - - - - -c rh
A rt 4 4 4 4 4 4 4 4 4 43

oi 3 3 3 3 0 3 3 3 3 3

e C w 2 2 2 2 2 2 2 2 2 23

.h3 t
- n 1 1 1 1 1 1 1 1 1 1

e n eo
i ri k k k k k k k k k k1

5 rt n n n n n n n n n n
d oa a a a a a a a a a aa

T Cl R R R R R R R R R Re
l
p
=
a

S

s -
e in t 9 t 6 t1 t7 t7 t0 t5 t2 t9 t6
l ro r2 r2 r4 r4 r4 r4 r5 r5 r4 r6

e , e e .b t i e . e . e e e e e .

a st p0 p0 p0 p0 p0 p0 p0 p0 p0 p0

i iu x - x - x- x - x- x- x- x- x- x-
r Db EM EM EM EM EM EM EM EM EM EM
a
V

e 05 08 7 5 7 5 7 5 7 5 56 56 56 36
g 07 06 08 08 08 08 12 12 12 22

n . . . . . . . , . . .

a 00 00 00 00 00 00 01 01 01 01
R

S 2 3 4 5 6 7 8 9 0 1

He 4 4 4 4 4 4 4 4 5 5

L 2 2 2 2 2 2 2 2 2 2

en
l o 25 3 4 49 5B 66 7 7 13 25 3 4 49
bi e GC GC CC GC GC GC GC Gc CC GC
at s 3 3 3 3 3 3 6 o 6 6
is a F4 F4 F4 F6 F4 F4 F4 r4 F4 F6
re C d1 d1 d1 d1 d1 d1 d1 d1 d1 d1
au e1 e1 e1 e1 e1 e1 e1 e1 e1 e1
VQ& FQ PQ FQ FQ PC PQ PQ FQ FQ FQ

i

YM

j(|If||(|| -



ttIi! !!' i h! ft!(!!)iI j[I[!! ; $ !( <

~
.
.
.

.

_

.

.

-

-

-
,
.

s s s s s s s .

s s s r r r r r r r _
_

.r r r u u u u u u u .

u u u o o o c o o o ~
o o o h h h h h h h

.

h h h
- 0 0 0 0 0 0 0

6 6 6 1 1 1 1 1 1 1

n n n n n n n n n n
i i i i i i i i i i-

) ) ) ) ) ) ) ) ) )
-

M M M M M M M M M M
- ( ( ( ( ( ( ( ( ( (

d d d d d d d d d d
. e . e . e . e . e .ee . e . e . e .

d5 d6 d7 d1 d2 d3 d4 d5 d6 d7
o o o o o o o o o o
r p rp rp rp r p rp rp rp rp rp
eu eu eu eu e u eu eu eu e u eu

o o o o o o o o o o
s er er er er er er er er er er
i t G t G t G t G t G t G t G tG t G tG
s e e e e e e e e e e
y rt rt rt rt rt rt rt rt rt rt ,

l cr cr cr cr cr cr cr cr cr cr
a ne ne ne ne ne ne ne ne ne ne ,.

n op op op op o p op op op op op
A cx cx cx cx cx cx cx cx cx cx

E E E E E E E .E E E
n f - f - f - f - f - f - f - f - f - f -.

o n o - o- o- o - o - o- o - o- o - o-
i o I I I I I I I I I I
s i hC hC hC hC hC hC hC hC hC hC. s t t C tC tC tC tC tC tC tC tC tC
e p p p p p p p p p p p
r i e g e g eg eg eg e g e g eg e g eg

) g r d n d n d n d n d n d n d n d n d n d nd o c i i i i i i i i i i
. e. r s er er er er er er er er er eruP e h u h u h u h u h u h u h u h u hu h u _.

n D Td Td Td Td Td Td Td Td Td Tdi tt nn eod . 1 1 1 1 1 1 1 1 1 1. C i l 6 6 6 6 6 6 6 6 6 6( c e 2 2 2 2 2 2 2 2 2 2
c rh - - - - - - - - - -

3 A rt 4 4 4 4 4 4 4 4 4 4- oi 3 3 3 3 3 3 3 3 3 3.
3 e C w 2 2 2 2 2 2 2 2 2 2
.h- 3 t.

n 1 1 1 1 1 1 1 1 1 1e n eol
i ri k k k k k k k k k kb rt n n r n n n n n n n

. a d oa a a a a a a a a a aT. e Cl R R R R R R R R R R
l
p
m

- a
. S-

,

_ s -
e in t2 t2 t2 t3 t9 t4 t3 t2 t2 t3
l ro r7 r7 r6 r8 r7 r7 r8 r9 r9 r9

,

e e e e eb ti e . e .
p0 p0 p0 p0 p0 p0 p0 p0
e e e .

a st p0 p0
i iu x- x- x- x- x- x- x- x - x- x-
r Db EM EM EM EM EM EM EM EM EM EM
a
V

e 86 86 36 61 51 51 97 77 77 01 .

g 22 22 22 34 24 24 25 35 35 34
n . .

c 01 01 01 01 01 01 01 01 01 01
R

5 2 3 4 5 6 7 8 9 0 1
i 5 5 5 5 5 5 5 5 6 6U* 2 2 2 2 2 2 2 2 2 2

e n 1 2 3 4 5 6 7
l o 58 66 77 G3 G5 G4 G9 G8 G6 G7
bie GC GC GC 0C 0C 0C 0C 0C 0C 0C
at s 6 6 6 1 1 1 1 1 1 1
i sa F4 F4 F4 F4 F4 F4 F4 F4 F4 F4
rec d1 d1 d1 d1 d1 d1 d1 d1 d1 d1'
au e1 e1 e1 e1 e1 e1 e1 e1 e1 e1
VQ6 PQ PQ PQ PQ PQ PQ PQ PQ PQ . PQ

Yg

.

}!i4 i ;!| If|j jj i!!i !j{ , |j I|;f |ji |!|i||i|:1i ;;



LI?tI' it [ 7j,IrI jt r' g?[!|tLiL|f[!?r|[j !! I

t
d a dt d d d d deh ea e e e e ert rh r rV r r re et e eft eVt e evn v vt vRo vP o v -.

'o.oe on oaB o n oR n ocv ce chY co c c : cVtei ev et e/s eos a 'i nJ r eF org ri r r rwa r/a rRng ne ( w ww R (
sB s set s s( - s s s- iS iB . i vf i Bt i t ioa i B aSD i a Si Bi /w S w

- rm r C rg r rS rw rer em e y edt e t e( t edtwe wrg wBl wea wda w a'. wei.

otD oen oS t odh oeh oBhB odp C pti p r pnt pdt pStV pnt. .

t - r mo e e n eaeC rt Ct u C rh Ct ng C en Cdnr Cth g
Aoa Ard Aes Axea At e Aee e Axt =s h o t evm xv d vt e =i t se th e t e 't i a t ei . t nif t n=s a l asl atl a n gd a gD aega anedy h ab h b hrb h a h n C ht h avl t a t aa t oa t ) e t a) t x). y t i ea gl l hl gnr ng enl ggr

n yni ygi ysi ynoo ygon y ot yn oA ti a t na t a tii c t nii t nir ti) ci rv ii v i av i rt iit r i at o irsn l ua l ra l a l uat l rau l ah l ueto n id i u i g i d za i uzd i gzs i dzai o b t bdt b nt b i bdi b ni b is i aB o a o aio aB re a re aire aB res t bVn bBn b rn bVul bB ul b rul bV ule p o oV ou o sb oVsb ousb o sbr i res r s rd s res a r sa rdsa resa) g r pra pra p a prel prel p el preld o c ow ew ew ori eri eri orie r s ef et et ef pa et pa et pa ef paunP e h et hf t hat h eev hf ev h aev heev'D Tbi T ai Tl i Tb ra Tara T c ra Tb rai tt nn eoC d 2 2 2 2 2 2 2.

i l 9 9 9 9 9 9 9( c e 02 02 02 02 02 02 02c rh 9 - 9 - 9 - 9 - 9 - 9 - 9 -3 A rt - 4 - 4 - 4 - 4 - 4 4 4
oi 58 58 58 58 58 58 583 e Cw 82 82 82 82 82 82 82

h3 t
n 1 1 1 1 1 1 1e n eol

b ri k k k ki : krt n n n n n
. k.

na d oa a a a a a aT e Cl R R R R h_ R R .
l
p
ma
S

l l l l l l ls - a a a a a a ae in n9 n1 n7 n0 n9 n4 n5
l ro r6 r4 r8 r7 r2 r7 r8
b ti e e e e e e e. .

a st t0 t0 t0 t0 t0 t0 t0
i iu n- n- n- n- n- n- n-r Db I M IM I M I M I M IM I Ma
V

8 4e 83 19 99 14 20 18 38'g 8 16 39 13 7 06 08 29n . .

a 00 00 00 00 00 00 0OR'

S 4 5 6 7 8 9 0
H* 8 8 8 8 8 8 9
L 2 2 2 2 2 2 2'

D B T Den D B T C V L C
l o C V L . - - - 6 -
bi e - 3 3 v 15 15 LC 24at s TC TC T TC TC T TC
i sa S S S6 I I I 6 Irec 8 9 1 8 9 - 1 - 8au C3 C9 C1 C3 C9 C1 C3VQ6 AQ AQ AQ AQ AQ AQ AQ

yg

,' i)! s | ! |I |i1|;!,||!ii|j;! | ||i . ;[j ;i I||!! .i| ; ; ii' 4|



Table 3.3-3 (concluded)
Variables Sampled in the Accident Progression Analysis

Variable LHS Range Distri- Corre- Correl. Description

Question # bution lation with

& Case

AC-IT2-VB 291 3.1E-3 Internal Rank 1 85-90 The probability that AC p'uer is recovered

Q99 C4 0.56 M-0.27 284-292 after VB during an extended SB (RFV
repressurires) given that it was not
available during CD.

AC-IT2-LT 292 0.011 Internal Rank 1 85-90 The probability that AC power is recovered

Q116 C5 0.84 M-0.71 284-292 late during an extended SB (RFV
repressurizes) given that was not
available shortly after VB.
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*t h e f out t h colturn in Table 3.3 3 indicates the type of dist ribut ion used.

For uniform disttibutions from 0.0 to 1.0, the inc an is obviaus aint so is

not l i r. t e d . Otherwise, the u,e a n (li) is given if appropriate The ent ry

"Lxperts" for the disttibution indicates t ius t the dist t ibut ion came ftom an
expe t panel and the entry " Internal" distribution indicates that the
distt bution was determined by some method other than the t o t taa l expett
elleitation process (flone of the disttibutlons obt allied by aggregating
the conclusions of experts can be described succinctly in words. plots of

some of the .gregate expert distributions are cont ained in Vo l tura 2 of

fiURI U/CR - 4 % 1 A listing of the input to the IJIS program that contains
many of these distr (butions in tabular form is given in Appendix G.) for

Zeto one variables, an indication of the probability of each staie (the
avetage value obtained for that branch over the sampic) is given in this
column.

'! h e titth and s' 31umm in Table 3.3-3 show whether the variable is
o; -rtMe " Rank 1" indicates a rank correlationcottelated with -

of 1.n. The n C.w u rel with" column are the IJIS variable
! E| 4/ES1, the numbers 110-115 indicate thatnumbers, In the $. ,

H ? l f;VLS I is colteln.m 11b variables 110 thru 115.a

-4 DrHillilulLEllhtl .[httRLl.U$n11h1Lll11h4

As each path through the APET was evaluated, the result of that evaluntion
is stored by assigning it to an accident progression bin. This bin
describes the evaluation in enough detail that a source term (telease of
indionuclides) can be calculated for Lt. The accident progression bins are
t h- means by which information is passed from the accident progression
analysis to the source term analysis i oin was defined by specifying the
at t ribut e or value f or each of f ourteen characterist ics or quantities which

deline a certain feature of the evaluation of the APET. Section 3.4.1
describes the fourteen characteristics, and the values that each
characteristic can assume The binner itself, which is expressed as a
computer input file, is listed in Appendix IL2. Section 3.4.2 contains a
discussion of rebinning, a process that takes place between evaluating the
APl:T (in which binning takes place) and the soulce tetm analysis This is

because the analyst might wish to bin initially on characteristics of
intetest to the accident progression to gain additional insights and then
simplify the result to only those of interest in the source term
calculatlon. Appendix B.3 contains the input of the rebinner Section
3.4.3 describen a reduced set. of binning characteristics, which is used in
presenting the results of evaluating the APET.

3.4.1 Description of the Bin Characteristics

The binning scheme for laSalle ut ilized fourteen char act erist ics That is,

path through the APET.fourteen types of information were used to define a
a letter for each of the fourteenA bin was defined by specifying

meaningcharacteristics, where each letter for each characteristic has a
defined in Table 3.4-1. For a characteristic, the possible states are
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Table 3,4 1

Description of Accident Progression flin Characteristics and Attributes

, ,

..

Mnemonic Description
...

:
-

Attribute -

Bin Rebin
,

.- -.

Characteristic 1 Type of Accident Sequence (ASeq)

A A 1:Qll!G Sc i sinic initiated accident (lligh G) (PDS 1)d

S 11 1:Ql.*>G Sc i stni c initiated accident (l.ow G) (PDS 2)
i
'

C C Fire Fire initiated accident (PDS 3 - 8)

D b Flood Flood init iat ed accident (PDS 9 and 10)
,

E E ATWS Anticipated transient w i t hotit n e rnin initiated

accident (PDS 11 and 12)

F F IDCA 1DCA initiated accident (PDS 13)
i
: 0 0 Tran Transient initlated accident (PDS 14 - 24)

|| 11 T-!ECA Transient IDCA initiat ed accident (PDS 25 - 30)

Characteristic 2 Time at which Core Damage Occurs (CDTitne)
i

A A ST lhr Sho r t - t e rio accidents in . which core damage (CD)
I occurs approximately 1 hour after the initiating
I event. This category includes short. term SBos, the

ATVS accident s and all other accidents in which all
inject t on is lost shortly after the initiating -

event.

| .B B IT Fst I nt e rm e d i n t e - t e rin accidents in which CD occurs
approximately 13 hours after the initiating event.
This category includes sequences that involve
delayed diesel generator failure and subsequent
loss of injections at 8 hours.

.

I
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Table 3.4 1 (Continued)
Description of Accident Progression Bin Characteristics and Attributes

Attribute - Mneroonic Description *

Bin Rebin

Characteris, tic 2 continued.

C C IT-Slw Int e rinedi a t e - t e rm accidents in which CD occurs

approximately 18 hours after the initiating event.
This category includes sequences in which delayed
loss of the the batteries and ADS occurs. In this
type of accident the RPV is depressurized before _

core damage but then repressurizes after the loss
of DC power (and the loss of injection).

D D Vent Accidents in which the operators vent the
containment and the ensuing severe envi r otune nt in
the reactor building iails the injection systeinn.
Core damage occurs approximately 28 hours after the
initiating event.

E E F SRV Accidents in which low pressure injection systems
are initially working, however, the containment
heat removal systema are not available. The
injection s y s t e m s, are lost when the cont aitunent
pressure exceeds 85 psig which causes the ADS to
reclose and repressurize the RPV. Core damage
occurs approximat ely 39 hours after the initiating e

event.

F F LT-CF Accidents in which the contaitunent fails, hot gases -

escape into the reactor building, and the ensuing
severe environment in the reactor building fails
the inj ec t ion systems. Core damage occurs
approximately 58 hours after the initiating event.

Cha acteristic 3 - Fractton of Zr oxidized in Vessel (Zroxid)

A A IliZrox liigh Greater than 21 % of the In-Vessel zirconium
has been oxidized before vessel breach

B B loZrox Low - Less than 21% of the In-Vessel zirconituu has
been oxidized before vessel breach

_
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Table 3.4 1 (Cont inued)
Description of Accident l'rogression Bin Charac t e r istics and Attributes

Attribute - Mnemonic D( scription

bin Robin

Characteris.tle 4 - Vessel Condition at Vessel Breach (VB)

A A liiP nLP1 RPV is at high pressure and there is no coolant
injection after vessel breach

B B Lo P - nl.P 1 kPV is at low pressure and there is no coolant
inject ion af ter vessel breach -

C C lit P LPI RPV is at high pressure atul coolant is being
injected after vessel breach

D D lop-LPI RPV is at low pressure and coolant is being
injected af t er vessel breach

E E nVB There is no vessel breach (i.e core damage,

arrest)

Characteristic 5 - Praction of Core Participating in DCil or Steam
Explosions (DCll SE)

A A Alpha An Alpha mode event. occurred.

B B lilDCil 40t of the core participates in DCll

C C LoDCtl lot of' the core participates in DCH
_

D D lii EXS E 20% of the core participates in ex-vessel steam
explosions

E E LoEXSE 5% of the core participates in ex-vessel steam
explosions

F F nDCil-SE There are no Alpha mode, DCil , or steam explosions
events

. _ _ _ . _ _
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Table 3.4-1 (Continued) ;,.
' Descripelon of Accident Progression Bin Characteristics and Attributes '

' ~

Attribute - Mnen.onic Description
Bin Robin

;

i

Char .eteristic 6 - Contaltuncut Failure Made before Vessel Breach (CFBVB) ,

A A DWHR Containment fails in the rupture mode at the ,

drywell head.

B B DWR Containment fails by a rupture in the drywell wall.

C C WaWR Co n t a irute n t fails in the rupture mode in the
wetwell above the water line.

D D WbWR Containment fails in the rupture mode in the
wetwell below the water line.

E E Vent The containment. is vented.

F F DWl(L Conta itunent fails in the Icak mode at the drywell
head.

C G DWL Cont a itunent fails by a leak in the drywell wall.

j 11 11 WaWL Containment fails in the leak mode in the wetwell
'

above the water linc.
i

I I WbWL Containment fails in the leak mode in the wetwell
below the water line. >

J J nCFBVB The containment does not fail before vessel breach.
,

J

t

i
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Table 3.4 1 (Continued)
Description of Accident Progression Bin Characteristics and Attributes

___. _ . _ _

Attribute Mnemonic Description
bin nebin

Characteristic 7 Cont ai rutent Failure Mode at Vessel Breach (CFAVB) -

A A DWHR Containment fails in the rupture inode at the
drywell head.

B B DWR Containment fails by a rupture in the drywell wall. ~

C C k"JaWR Containment fails in the rupture mode in the
wetwell above the water line.

'

D D WhWR Containment falls in the rupture mode in the
wetwell below the water line

E E DWHL Coata irunent fails in the leak mode at the drywell
head.

F F DVL Containment fails by a leak in the drywell wall.

C C CFPipe Containment fails in the leak mode in the wetwell
above the water lire. Containment failure is
caused by failure of the cavity drain pipe outside
the cont ai nment wall .

11 G WaWL Containment fails in the leak mode in the wetwell
.

above the water line.

1 11 WbWL Containment fails in the leak made in the wetwell
below the water line.

J 1 nCFAVB The contairunent does not fail at vessel breach.

:
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Table 3.4 1 (Continued)
Description of Accident. progression nin Characteristics and Attributes

,

i Attribute - Mnemonic Description
liin Rebin '

!

-

,

Characterist ic 8 - Contaltunent Failure Mode late in the Accident (CFIAT)
'

A A DVl(R Containtment fails in the rupture mode at the
drywell head.

B B DVR Containment falls by a rupture in the drywell wall.

C C DVRPed Containment fails in t he . rupt ure mode at the
drywell wall. The failure is caused by late
failure of the reactor pedestal .

D D WaVR Containment fails in the rupture mode in the
wetwell above the water line.

E E WhWR Containmett falls in the rupture mode in the
wetwell below the water line.

F F Vent The containment in vented.

G G DWill Cont.n i nme nt. fails in the leak modo at the drywell
head,

11 11 DVt. Containment fails by a leak in the drywell wall.

I I WaVI. Containment fails in the leak mode in the wetwell
above the water l he.

.
J J WbVL Containcent fails In the leak mode in the wetwell;

below the water line.

K K nCFLate The containment does not fall late in the accident.

- . _ _ .
;

3-48

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



, _ . _ _ _ . . . . . . . .

Table 3.4-1 (Continued)
Description of Accident Progression Bin Characteristics and Attributes

Attribute - Mnemonic Description
Bin P.ebin

Characteristic 9 - Period in which Cont aitunent Sprays Operate (SPRAYS)

A A nSpray The contaitunent sprays do not operate during the
accident

B B E Spry The sprays only operate before vessel breach (VB)
_

C C 1.-Spry The sprays only operate after vessel breach

D D E&L-Spry The sprays both before VB and after VB

Characteristic 10 - Type of Molten Core Concrete Interactions (MCCI)

A A DryCCI ACCI occurs in a dry reactor pedestal cavity.

B B INJCCI MCCI occurs in wet cavity with a continuous supply
of water.

C C NOCCI MCCI does not occur.
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Table 3.4 1 (Continued)
:
i Description of Accident Progression Bin Characterist_.s and Att.ributes t

Attribute - Mnemonic Description
Ein Rchin

.i

Characteristic 11 level of SRV Tailpipe Bypass (SRVBY)

A A nSRVBY All of the in vessel releases pass through the SRV
ta11 pipes and are discharged into the suppression'

pool.

B B SRVnVB1 Partial bypass of the SRV tailpipe. A fraction-of
,

the in vensel releases escape directly into the
drywell, the remaining fraction are released ir. o
the suppression pooli There are no stuck open
drywell vacuum breakers. Thus, the radionuclides
in the drywell will enter the suppression pooli

through the downcomers (assuming the drywell has
; not failed),

C C SRVnVB2 All of the in-vessel releases escape directly into|

the drywell (i.e., during a lhCA). There are no,

stuck open drywell vacuum breakers (see attribute
! B).

D D SRVoVB1 Partial bypass of the SRV tallpipe. A fraction of
the in vessel releases escape di rectly - into the
dryvell, the remaining fraction are released into
the suppression pool. In addition to a partial
bypass of the SRV tailpipe, a drywell vacuum

'

breaker in stuck open. Thus, the drywell releasea
can enter the suppression chamber air space without '

going through the suppression pool.

E E SRVoVB2 All of the in-vessel releases escape directly into;

the drywell (i.e., during a IDCA), Furthermore, a
drywell vacuum breaker is stuck open (see attribute
D).

.
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Table 3.4 1 (Concluded) .

Description of Accident Progression Bin Characteristics and Attributes
,

i
4 .

Attribute - Mnemonic Description |
Bin Rebin

,

'

Characteristic 12 Level of Suppression Pool Bypass (SPBY)
t

A A CAVAVB The reactor cavity floor fails at the time of
vessel breach or shortly after vessel breach.

B B CAVIAT The reactor cavity floor falls late in the accident

(several hours after vessel breach).

C C NOSPBY The reactor cavity floor does not fail during the
accident.

Characteristic 13 - Level of Reactor Building Bypass (RBBY)

A A nRBBY There is only nominal reactor building bypass.

B A RBB2 There is a small partial bypass of the reactor
building.

C B RBB3 There is a large partial bypass of the reactor
building.

D B RBB4 The reactor building is completely bypassed,

Characteristic 14 - Occurrence of a Station Blackout (SBO)

A A SB0 A station blackout occurs during the accident.
,

B B nSBO. The accident is not a station blackout.
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termed attributes. Most of this information was needed by the LASSOR code
'

,

to calculate the fission product source terms. The remainder of this
section consists of a brief description of each characteristic and an +

explanation of an example bin.

Characteristic 1 summarized the groups of accident sequences or plant
,

damage states (PDSs) that were propagated through the APET. Eight'

attributes were defined. These attributes were based on the initiating
events that are associated with the accident sequences that make up the
PDSs. The initiating events included: seismic, fire, flood, ATWS, LOCA,
transients, and transient thCAs.

Characteristic 2 addressed the time at which core damage occurred. Six
attributes (times) were considered for this characteristic. The attributes i

depended mainly on the length of time that coolant was supplied to the RPV.
The first group included accidents in which coolant was lost immediately
(i.e., short-term accidents). The second group consisted of accidents that
involved failure of the station batteries or failure of the diesel
generators to continue to run and the RPV not repressurizing before vessel
breach. The third group consisted of accidents that involved failure of-
the station batteries or failure of the diesel generators to continue to
run and the RPV repressurizing before vessel breach due to loss of DC
power. Repressurization of the RPV delays the onset of core damage. The
fourth group included long-term containment heat removal accidents in which
the operators vented the containment when it reached 60 psig. The ensuing
severe environment in the reactor building failed vital injection systems.
Accidents' in which low pressure injection systems, were operating until .high
containment pressure forced the reclosure of the ADS form the fifth group.
The low pressure inj ec tion systems were lost when the RPV repressurizes.
The sixth group included long term heat removal accidents that resulted in
containment failure and subsequent failure of injection systems due to

; severe environments in the reactor building.

Characteristic 3 addressed the fraction of in-vessel zirconium that was
oxidized before vessel breach. -There were two possible values for this
characteristic: low and high. The demarcation point between the two ranges
is 21%.

ICharacteristic 4 addressed the RPV pressure before vessel breach and the
avail ability of coolant inj e c tion at vessel breach; there were five
possibilities, including no vessel breach. The RPV could either bc.at high'
or lo pressure before vessel breach. High pressure is system pressure
(i.e., approximately 1000 psia) and low pressure is less'than 200 psia.
There were two _ possibilities for coolant injection: coolant was being
injected into the RPV at or immediately af ter vessel breach or coolant was
not being injected into the RPV at or immediately after vessel breach.

Characteristic 5 addressed energetic events-that could occur at the time of4

vessel breach. The events considered by this characteristic were - alpha
,

mode events (i.e., large in vessel steam explosions that fail both the RPV
' and the containment), direct containment heating (DCH), and ex-vessel steam

*
.

3 52
,

- = _ _ . . . - - . - - - - . - .- - -. _ _ _ - - _- -
- , , - _ _ _.=



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

explosions. In addition to alpha mode, five other attributes were defined
,

that add re s.se d the fraction of core participating in DCil or an ex vessel
steam explosion. There were two levels for DCil: low (10t af the core) and
high (40% of the core). Similarly, there were two levels for steam
explosions: low (St of the core) and high (20% of the core). The fifth'

|attribute was for the case with no DC11 events or ex-vessel steam
explosions. The following hierarchy was applied when more than one of i

these events occur during the accident, if an alpha mode event occurred,
,

regardless of whether a DCll or an ex vessel steam explosion occurred, the ;'

alpha mode event was chosen. Next, if a IMil event and an ex vessel steam .
'

explosion both occurred during an accident, the attribute associated with
the DCil event was assigned to this characteristic. The following rational
was used for this hierarchy. The alpha roode event involved failure of both
the RPV and the drywell head as well as an energetic release of core
deb ri s . The radionuclide releases associated with a DCil event were greater>

than the releases associated with an ex vessel steam explosion, Thus,'

alpha mode failure was chosen over bot h DCil and ex-vessel steam explosions
and DCll wes chosen over an ex-vessel steam explosion.

Characteristic 6 addressed the mode of contairment failure before vessel
breach. Failures that occurred before core datonge an well as failures that
occur during core damage were included in this characteristic. The only
credibic mechanism that was identified that would result. in containment

'

failure during core damage was slow pressurization of the containment
caused by the accumulation of steam and noncondensibles in the drywell and
wetwell. Thus, containment failure bef:re core damage was not exacerbated'

by events during core damage (i.e., a leak would arrest the slow pressure

rise). There were ten attributes. Four locations were considered: drywell
- head (i.e., failure into the refueling floor), the drywell vall, the
' wetwell wall a t>o ve the suppression pool and the wetwell wall below the

suppression pool surface. For each location, the mode of containment
failure could be either a leak or a rupture. The remaining two attributcc

,

were venting and no containment failure before vessel breach.

Characteristic 7 addressed the mode and location of containment failute at
'

the time of vessel bronch. There were ten attributes. The four locations
that were considered for failures before vessel breach were again
addressed. For each location, the roode of containment failure could be
either a leak or a rupcire. In addition to these four locations, failure

of the reactor cavity drati pipe was also addressed. The isolation valves
for the drain pipe are located in the reactor building (i.e., outside t.he

,

| containment). Thus, failure of either the-valves or the section of this *

pathway forpipe that is outside the cont.ainment vill result in a
radionuclides to escape the_ containment. 11ecause the drain line is a four
inch pipe, this failure modo is a leak. The remaining attribute was' no
containment failure at vessel breach,

i Characteristic 8 addressed the mode of containment failure late in the
| accident, There were eleven attributes, The four locations that were

considered for failures before vessel breach were again addressed. .For
each-location, the mode of containment failure could be either a leak or a
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rupture. An additional attribute was defined for failures that result frote
j late failure of the reactor pedestal and the resultant motion of the RPV
p (i.e, penetration failure caused by gross motion of the RPV). pedestal
! failures that occur betw en one and six hours after VB were included in ;

this attribute. This mode was distinguished frorn drywell inilure because
i of timing differences between this mode and failures caused by late

overpressurization. The remaining two attributes were venting atui no late
containment failure,

!

Characteristic 9 addressed the period in which containment sprays operate;
t.he r e were four attributes. Two time periods were addressed: carly and,

late. The early time period included spray operation before VB whereas the
' late time period included spray operation af ter VB (1.c., during CCl).

Spray operat ton during the very late time period was only considered for
accidents in which the containment failed af ter the very late recovery of ;

AC power. The four possibilities were, no contaltunent sprays, only early
containment sprays, only l a t.e containment sprays, and early and late,

containment sprays.
.

Characteristic 10 av assed core-concrete interactions (CCl). Threc *4

at t.rlbutes addressed the following cas s: dry CCl, CCI under water, and no
CCI. Accidents in which the CCI proceeded in either a dry cavity or an
initially wet cavity with no replenishable tource of water were included in
the first attribute, dry CCl, Accidents which involved an initially
coolable debris bed but which did not have a replenishable source of water
were also identified with this attribute. Accidents in which a continuous
source of water was inject er onto the debris were addrersed by the second
attribute, flooded CCI. The -hird attribute included core damage arrest
accidents (i.e., no VB) and accidents in which the core debris was coolable
and there was a continuous source of water.

Characteristic 11 addr essed whether the in veusel release went. directly to
the suppression pool or first into the drywell and the. inte the
suppression pool. Depending on the time and location of containment
failure, this had a significant effect on the magnitude of the release,
There were five attributes. Two levels of SRV t.a il p i pe bypass were ,

considered; partial. hypass and complete bypass. in the partial bypass
cases, a fraction of the in vessel released escaped directly into the
drywell and the remaining fraction pacacd through the ta11 pipe and was
released into the suppression pool. All et the in vessel releases escaped
directly into the drywell when a complete bypass ocettred. The in-vessel
release could also bypass the suppression pool during a LOCA. For each
tailpipe bypasa level and for the LOCA, two levels of drywell vacuum |,

4 breaker failure were considered: partial and complete. partial failure of |

the drywell vacuum breakers means tha t. a fraction of the releases in the.

drywell will pass through the downcomer and be released into the pool.
Complete failure of the vacuum breakers means that the drywell releases
will enter the suppression chamber air through the vacuum breaker rather i

than t.hrough the downcomer and the suppression pool. I t. should be noted !

that for this analysis no credible cases could be identified in which therc !
# would be simultaneous SRV tailpipe bypass or LOCA and drywell vacuum
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breaker failure. Accidents in which there was no bypass were identified byd

the remaining attribute it should be noted that this bypass occurs before
,

vessel breach

Characteristic 12 addressed the 1cvel of suppression pool bypass after
*

vessel breach. This was primarily determined by the failure of the reactor j

cavity floor. There were- three attributes t ha t. addressed the tirning of 1
,

! cavity floor f ailus e. The first attribute was cavity floor failure at the
t i m.* of vessel breach or shortly after vessel breach, Cavity failure from

,
quasi static loads accompanying vessel breach, dynamic loads from ex vessel

i

j steam explosions, and thermal attack froin the core debris on the drain
'

pipes were all included in this attribute. The second attribute addressed |

| cavity failure late in the accident from core debris interact. ions with the |

cavity floor and drain pipes. The last attribute included the cases where
1

the cavity floor did not fail. This occurs for core damage arrest '

Iaccidents and scenarios in which the core debris was cooled in a flooded
cavity.

Characteristic 13 addressed the level of reactor building bypass or,

failure. There were four attributes which identified the following cases:
no reactor building bypass, level two reactor building bypass (leak), Icvel
three reactor building hypass (rupture), and complete reactor butiding
bypass. Reactor building failure resulted from pressure loads accompanying
centainment failure These loads were a result of the containment blowdown
into tb reactor building or hydrogen burns in the reactor building
following containment failure. ,

i Characteristic 14 addressed the occurrence of a station blackout . The
first attribute included all of the accidents that were classified as a
station olackout at the time of core damage. I'o r LaSalle, a station
blackout was defined as loss of offsite power and loss of trains A and B
emergency power. The second attribute identified those accidents that were
not station blackouts.

,

|

A typical bin might be ACAACJBKAAAAAA which, using the information
i presented in Table 3.4-1, is:

|

A f.QlliC liigh C seismic initiated accident (PDS 1)
C IT S1w Core damage occurs after delayed failure of injection,

batteries and ADS.
A HiZr0x A large fraction of the Zr was oxidized in vessel

,

1 A liiP nLPI The RPV was at high pressure before vessel breach and
there was no injection to the RPV af ter vessel breach

C LoDCll A small fraction of the core participated in a direct
contaitunent heating event -(DCil)

J nCFBVB The containment did not fall before vessel breach
B DVR The drywell was ruptured at the time of vessel breach
K nCFLate The containment did not fail during the late time regime
A nSpray Drywell sprays were not used during the accident..
A DryCCI CCI proceeded in a dry reactor cavity

(
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A nSRVBY All of the itovessel releases passed through the
s.uppresulon pool and there weic no stuck open drywell
varewn breakers

A CAVAVB The teactor cavity iloor Ialls at the time of vessel
breach or shortly there after

A intBBY The reactor building was not bypassed
A SB0 The accident lu a station blackout

3.4.? Rebinning

The binnitig s c he n.e utilized for the evaluation of the APET does not
necessarily have to exactly match the input information required by the
IASSOR code . The additional itif orma' ior- in the initial binning was kept 4

be c aos.c it provided a better record of the outcomes of the ApET evaluation.
Therefore, there was a step between the evaluation of the accident
progtessions by the APET and the evaluation of the source terms by the
1AS$0R code known as "rebinning" In the ,_binning, a few attributes in
some characteristics wete coirhined because there are no significant
dif ferences between them f or calculating the flusion product relennen.

In the rebinning for LaSalle, only two characteristics were changed. For
Characteristic 7, containment failure mode at vessel breach, Attribute C,

cavity drain pipe failure, was included in Attribute 11, containment leak in
the wetwell above the nuppression pool. lor either release path, the
reactor cavity floor has almont certainly failed and the radionuclides
would bypass both the drywell and the suppression pool and enter the
reactor building Thus, LASSOlt would not make a distinction between these
two release paths. For Characteristic 13, level of reactor building

bypass, the four 1cvels wete reduced t! two leve small bypasa and large
bypass. The letters for the rebinner attributes ,, r c also shown in Table

3.4 1.

3.4.3 Summary Bins foi Presentation

For presentation purposes, a set of " summary" hins was defined. These
summary bins are also used to display risk results lu Chapter 6. Inr,tead of

the 14 chatacteristics and nousands of possible bins tha t. describe the
evaluat ion of the APET in detail, the summary bins place the outcomes of
the evaluation of the ApET luto a few, very general groups

In the summary binning scheme there are three characteristics: vessel
breach (VB), containment failute time, and reactor pressure vessel (RpV)
pressure. Fach of these characteristica and their associated attributes
are defined i. Table 3.4-?, The eight summary bins may now he defined as
follows;

VB, F.arly CF, RPV at low pressure

Vensel breach occurs , the containment falls either before or at the
time of vessel breach, and the reactor pressure vessel is at low
pressure at the time of vessel breach.

3-%
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Tabic 3.4-2
Description of Surtacary Accident Progression Bin Characteristics

Attribute Description

Characteristic 1. Vessel Breach (VB)

VB Vessel breach occurs
No VB Vcssel breach does not occur.

Characteristic 2: Containment Failure Time (CF)

Early CF The cont a i tunen t fails either before or at the t irne of - - -

vessel breach f r orn the developtsent of a leak or a
rupture.

I. ate CF The containment fails during the last t irne period frorn
the development o. either a leak or a rupture.

Vent The containment is vented either before core da:na ge ,
during core damage, or late in the accident.

No CF The contaitunent does not fail.

Characteristic 3: Reactor Pressure Vessel (RPV) Pressure

Low Pressure The RPV is at low pressure (i.e., less than 200 psia)
just prior to vessel breach,

liigh Pressure The RPV is at high pressure (i.e., app roxirnate ly 1000
psi) at the time of vessel breach.

_
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|
1

VB, Early CF, RPV at high pressure .

Vessel breach occurs, the cont aittment fails either before or at the
time of vessel breach, ard the reactor pressure vessel is at high
pressure t.t the time of vessel breach. ;

VB, 1. ate CF

t

Vessel breach occurs and the containment fails late in the accident
(i.e., hours after vessel breach).

VB, Early or 14 .e Venting
,

Vessol breich occurs and the containment is either vented before vessel
breach or late in the accident.

;

I

VB, nc CF I

Vessel breach occurs; however, the containment neither fails nor is
vented during the accident.

No VB, CF

The core damage process is arrested (i.e.. no vessel breach); however,
the containment still f ails during- the accident due to the generation
of stes'n and noncondensibles during t.he accident,

No VB, Venting

The core damage process is arrested before vessel failure, lloweve r ,
the containment is vented either before the onset of core damage or
during the core damage process.

No VB, No CF, No Venting

The core damage process is arrested and the coitainment remains intact.
|

In addition to these eight summary APBs that were used to present results
throughout the analysis (i.e., accident progression, source term results
and risk analyses), additional groups of APBs were defined which were used
to present the accident progression result.s in section 3.5. These sttmmary
bins are defined in Table 3.4 3.

3.5 JLesnits of the Accident Progression Analypsi.a

This section presents the results of evaluating the APET. As evaluating
the APET produces a number of accident progression bins (APBs), the
discussion is primarily in terms of APBs. liowever, the propagation of the
PDSs through the APET resulted in thousands of APBs and., therefore, it is
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,

Table 3.4 3
Description of Summary Accident Progression Bins Used to

Present Results in Section 3.5:

Summary APB Description

Accident Progression Bins Used in Figure 3.5 3

CF DWil Failure of the cont aitunent in the drywell head before'

vessel breach.

ICF DV Failure of the contaitueent in the drywell wall before
'vessel breach.

i

CF WaW Failure of tha containment in the wetwell above the
suppression poc,1 before vessel breach.

.

CF WbW Failure of the contaitunent in the wetwell below the pool
level before vessel breach.

CF-Vent The contairunen, is vented before vessel breach.

nCFBVB The contairunent does not fail before vessel breach.
||

Accident Progression Bins Used in Figure 3.5 4

1

C F D Wil Failure of the contaitunent in the drywell head at vessel
'

breach.

CF-DW Failure of the contaitunent in the drywell wall at vessc1
breach.

CFWaV Failure of the containment in the votwell above the
suppression pool at vessel breach.

CF -WbW Failure of the containment in the wetwell below the pool
level at vessel breach,

nJFAVB The containment does not fail at vessel breach.
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;

;

Table 3.4-3 (Continued)
Description of Summary Accident Progression Bins Used to

Present Results in Section 3.5 1

:

Summary APB Description
,

Accident Progression Bins Used in Figure 3.5 5

CF DWit- Failure of the containment in the drywell head after
vessel breach.

CF-DW Failure of the containment in the drywell wall after
vessel breach.

; CF WaW Failure of the containment in the vetwell above the
suppression pool after vessel breach.

CF-WbW Failure of the containment in the wetwell below the pool
level after vessel breach.

CF Ped Failure of the pedestal after vessel breach results in-a
drywell rupture.

CF-Vent The containment is vented after vessel breach,

nCF Late The containment does not fail after vessel breach.

Accident Progression Bins Used in Figure 3.5 6 -

,

CF-BVB The containment fails before vessel breach.
4

E Vent The containment is vented before vessel breach, j

CFVB-WaW Leak The containment fails at vessel breach. The failure is
a leak in the wetwell above the suppression pool.

.

CF-VB The containment fails at vessel breach. The failure-
mode is not a leak in the wetwell above the suppression
pool.

LCF The containment fails late in the accident.

L-Vent The containment is vented after vessel breach.

No CF The containment neither fails nor is vented during the
accident.
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Table 3.4 3 (concluded)
Description of Summary Accident Progression Bins Used to

Present Results in Section 3.5

: iSunacary APB Description

Accident Progression Bins Used in Figure 3.5 7

Dry CCI Core concrete interactions proceed in a dry cavity.
i

Ct w/ Injection C,re concrete interactions occur with an overlaying pool )
of water. The pool of water is maintained by injection - i

irom the vessel.

VB, No CCI The vessel fails, however, the core debris is cooled and

CC1 is avoided.

No VB The core damage process is arrested and vessel breach is
avoided.

._
.-
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not practical to discuss each APB individually. Rather, groups of APB or
stumnary APBs will be discussed as well as key events that occur during the
progression of the various accidents (e.g., containment failure).

Thirty PDSs were propagated through the APLT. For presentat ion purposes
these thirty PDSs have been grouped into 7 summary PDSs. The 7 summary
PDSs are seism!c, fire, flood, A~,S, LOCA, t ransient s, and t ransient

LOCAs. The summary accident progression hins that are used in this
discussion were defined in section 3.4.3. In addition to the uuwtary APBs ,
three key events in the accident are discussed. These events are t.b e core
damage arrest, early containment failure, and the statur of core-concrete
interactions. These three events are critical in determining the risk to
the offsite population. Therefore, this discussion will begin with these
events

-

3.5.1 Core Damage Arrest and Avoidance of Vessel Breach

Once core damage has begun, the only way vessel failure can be pr event ed is
if coolant inj ec t i on is testored to the RPV. Reatoratton of coolant
injection to the RPV, however, doer not necessarily preclude vessel breach.
I f inj ec t ion is not recovered until late in the core damage process, it is
unlikely that the addition of water will prevent vessel breach, in

addition, there in the possibility that t.h e core debris that slumps into
the bottom head of the vessel will trigger a nream explosion that may fail
the vessel. Although steam explosions do not always result in vessel

significant challenge to the integrity of tr a RPV.failure, they do pose a

For example, from the APET, the probability that an in-vessel steam
explosion occurs during core damage when the RPV has been depressurized is
0.86. The probability that this steam explosion will fall the vessel is
0.7. These values are independent of the status of injection. Thus, 609
of the time the vessel will fail regardless of whether injection is
restored to the core If injection is recovered, the APET shows that the
probability that the core damage process will be arrested and, thus, avert
vessel breach is approximately 0.75 (assuming the vessel did not fall from
a steam explosion). Therefore, the overall probability that vessel breach
will be avert ed given that inject ion is restored to a depressurized vessel

is only 0.30. Figure 3.5-1 shows the probability that core damage is
arrested before the lower head of the vessel fails for the seven summary
PDSs groups.

The distributions displayed 1a Figure 3.5-1 are conditlonal on the
occurrence of core damage The distributions in this plot are vertical
histograms displayed on a log scale. The sample size used in this analysis
is 400 and, thus, there are potentially 400 valuer for the conditional
probability of core damage errest for each PDS group. However, the
frequency of some of the PDS groups for certain observations is nero. This

results from treating the containment failure as a zero/one variable (i.e ,

it either fails or does not fall for each observation) in the accident
frequency analysis. The statistical measures (i.e 5th p reentile,,

I
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stie d l a n , mean, and 95th pe r cent ile) presented in this figure are based on
the number of observations that had a non-reto value for the PDS frequency.
That is, if a particular PDS had non reto irequencies in 300 observations,

sample stro of 3DD, The width of thethen the stat 1stics are based on a
boxes on the histogram is proportional to the number of observations t h a t.
have probabilities t hat fall within the r a ry.e defined by the height of the
box. The eighth distribution in this figuie labeled r V.A. in the
frequency weighted average of the seven other PDS grou;m in the figure
This f i equency we i ght ed average is done on an observation by observation
basis, for each ob s e rva t i on , the conditional probability of cote damage

arrent for a cach PDS group 19 multiplied by ;ne ratio of the PDS group's
'f r equency t o the total cote damage fiequency (these frequencies are for the

particular observatton that is being considered and are not stean
frequenc!es).

-

For both she seismic PDS gioup and the IDCA PDS group, the core damage
process is never attested and vessel breach always occurs The seismic

PDSs are st at ion blackout s (SnO). l or t he seismic SBos, AC power cannot be
iecovened during the ace I nent Thus, injectton cannot be rv st or ed to the
itPV and vessel breach is assured. The IDCA PDS group consists of one PDS
which involves long-term loss of c ont a l tune n t heat temova' The
piessurization of the c ont a i nment from the boiling suppression pool results
in containment failure The etu.uing severe ens t roiuuent in the reactor

building fails the injectlon systems. The main feedwater system and the
condensate t.yntem are not available because of a previous failure. Thur,

the only lujection system that is avaliable is diesel driven firewater
system. Iloweven, once the containment has failed and core damage han
begun, it is assumed t hat the operators will havo insufficient time to
align t he DrWS before vessel bteach occurs !t must be remembered that the
reactor building will be ilooded wit h st eam after c ont ainment failure to
the reactor building and the radiation level in the reactor building will
also be inrteasing during core -lamage Thus, vessel breach is assured for

the IDCA PDS gr oup.

For the itre PDS group, ,he iteau value for the conditional probability of
fairly low value The reason forcote diur a ge arrest is 0.014 which is a

thin low value stems from the definitions of the PDSs that form the tire
PDS group. The tire PDS gtoup twist s of six PDSs, In only one of these
six PDSu, namely Fil, can inject ion tie recovered. This PDS cont ribut es 17%
of the i e groups conditional preaability of core damage Thus, the
combination of a small likelihood that injectton will be recovered with the
fact that injection does not necessarily preclude vessel breach tesults in

f r t he conditional probability of core damage arrest.the low -

For b d the flood and the ATWS PDS groups, the likelihood of core damage
a r re s t. I s. onsiderably higher than for the fire PDS group because of the
greater availability of injection systems. The mean values for the
conditionnl probability of core damage arrest for the flood and the ATWS
PDS groups ate O.T/ and 0.24, respectively. The inedlan value is closer to
0.1 tor both of these PDS groups in the flood PDS group, the diesel.
driven ftrewater pumps are available In this PDS group, it is likely that

i
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the operators will depressurize the RPV to allow firewater-to be inj ected
in the core. - Furthermore, there is a high likelihood that the containment
pressure will remain low eit he r through the use of the containment heat
r e n.o v al systems or by venting. Thus, it. is highly _likely that the

firewater system will be used to inject water into the core . during core
damage. In the ATVS PDS group, the only injection systems that can be
recovered are the main feedwater system and the condensate sys t<.'n . The
mean conditional probabil , ty of recovering one of these systeme la about -

0.5.

The mean conditional probabilities of core damage arrest for the Transient
PDS group and the Transient IDCA PDS group are 0,17 and 0.10, respectively.

,

Both of these PDS groups consist of short-term station blackouts (SBO),
long-term SB0s, and long-term loss of containment heat removal accidents.
For the short-term SB0 PDSs, the probability of core damage arrest is
driven by the probability that Ar power is recovered during core damage,

,
For the long-term station blackout PDS6, it is assumed that if AC power has
not been recovered by tne time of core damage (>27 hours) it will not be'

recovered during the accident. This assumption is based on the following
rationale. The accident frequency analysis considered AC power recovery

.

out to approximately 17 hours. Beyond this time, the prcaability of random
failures of systems that could be recovered becomes important ar.d limits

i the amount of credit t' an be given to AC recovery. Furthermore, the

data from which the y curves were~ generated only extend to 8,9..

hours. Thus, the applicability of extrapolating the power recovery data
beyond 27 hours is very questionable. Therefore, in the accident

progression analysis, no credit is given for recovering AC power during
long-term SB0 accidents. For the long-term loss rf containment heat
removal accidents, coolant inj ec tion cannot be re- w ed before vessel
failure either because all of the inj ection systems Lav, failed or because
the containment pressure is too high and low pressure injection systems
cannot be used (if the containment pressure exceeds 85 psig the SRVs
reclose and the RPV repressurizes),

t

3.5.2 Early Containment Failure

Early fatality risk depends strongly on the integrity of the containment
|

carly in the accident. The integrity can be compromised by either early
containment failure (CF) or by venting the containment during core damage.
EarJy containment failure is defined as failure of the containment either
at the tiae of vessel breach or before vessel breach. Before vessel
breach the event . hat threatens the integrity of the containment is the

s

slow pressurization of the containment caused by the generation of steam
from a boiling suppression pool during accidents in which containment heat
remaval is lost or inadequate (i.e., long-term loss of containment heat
reuovel accidents, long-term station blackout accidents, and ATVS
accidents). At the time of vessel breach, there are several events that

-

can result in containment failure The first event is an alpha mode event,

An alpha mode event is a large . in-vessel steam explosion that results in
the failure of the reactor vessel and the drywell head. The second event
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is the fast pressurization of the containment caused by the loads
accompanying vessel breach. These loads include contributions from direct
containment heating ( DCil) , ex-vessel steam explosions, and reector vessel
blowdown. The third event is failure of the reactor pe-lestal caused either
by quasi-static pressurization loads accompanying vessel breach (i.e., DCH,
ex-vessel steam explosions, or RPV blowdown) or by - namic loads associated
with an ex-vessel steam explosion. It is postu that failure of the
reactor support and subsequent groso motion of ' will place a large
amount: of stress on the piping pei.e t rat ions . .n that the pedestal
fails, there is some probability that the penetrations will fail and a
failure in the drywell wall will result. The last event that can breach
the integrity of the containment is an ex-vessel steam explosion that fails
the cavity drain pipe beyond the containment wall.

Late in the accident, the events that result in containment failure include -

the slow pressurization of the containment from the steam and
noncondensible gases generated during CCI and failure of the reactor
pedestal caused by concrete erosion during CCl. Noticeable omissions from
thic list are hydrogen combustion events (which are important events for a

9BWR Mark 111 c on t a i n.x nt , such as at Crand Culf ) and drywell meltthrough
(a dominant mode of containment failure at Peach Bottom,10 a Mark I
c ont a i tune n t ) . Because the LaSalle containment is inerted with nitrogen,
hydrogen combustion events are not possible and, therefore, are not an
issue at LaSalle. The reactor cavity at LaSalle is large enough to contain
all of the core debris that is released at vessel breach and, thus, attack
of the drywell wall from core debris is also not an issue at LaSalle.

Althougo not considered as a containment failure, venting can also
establish a path for radionuclides to escape the containment. The
operators are instructed to vent the containment when the contaitune nt
pressure exceeds 60 psig. Thus, in this analysis, if AC power is available
and the vent valves are operable there is a high likelihood that the
operators will vent the containment when the pressure reaches 60 psig.

~

Early venting is only a concern during long-term loss of containment heat
removal accidents and during ATWS accidents. The conta irunent pressure
before vessel breach is low during a short-term accident because the
suppression pool is subcooled and, thus, venting is not required. For a
short-term accident the operators may vent the containment after vessel
breach due to containment pressurization caused by steam and
noncondensibles generated during core-concrete interactions (CCl).

Figure 3.5-2 shows the probability distribution for early CF at LaSalle.
The probability distributions displayed in this figure are conditional on
core damage These distributions do not, however, include accidents in
which the containment is vented. When all of the accidents are considered
together (i.e the frequency weighted average (F.W.A.) column) the mean,

conditional probability of early containment failure is 0.33. The events
that cause these failures are described in the following paragraphs.

Figure 3.5-3 shows the mean probability of containment failure before
vessel breach sorted by the varions failure locations. Each location
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includes both leaks and ruptures except for venting which is equivalent to
a rupture Figures 3.5-4 and 3.5-5 present the same type of information
for containment failures a t. vessel breach and late containment failures,

tespectIve2y. These figures only show the failures that occur during the
given time regime (t .g before vessel breach). Thus, if a drywell rupture

,

occurs before vessel breach, this failure will only show up in Figure
drywell failure in either Figure 3.5-4 or3.5-3; it will not appear as a

Figure 3.5-5 It should be noted, however, that multiple failure locations

can occur at 1.aSalle For example, it is possible that a given accident
can have a leak in the drywell before vessel breachprogression pat h

(caused by a slow pressurination of the containment) and a rupture in the
drywelI head at vessel breach (cause by Alpha mode event). For this

example, the drywell leak would be included in Figure 3.5-3 and the drywell
rupture vould be included in rigute 3.5-4.

_

Figure 3.5 6 presents a summary of the containmen failures for the
following time regimes before vessel breach, at vessel breach, and late in
the accident Tne failures at vessel breac' have been separated into two

groups wetwell leaks above the suppression y _1 and all other failures at

ve<sel breach. The cavity drain pipe failures are included in the wetwell
leakt above the suppresision pool. Early and late venting have also been

separated into two groups. F.arly venting includes venting before core
vent ing during the core degradation process. In thisdamage as we11 as

figure each accident progression path is only assigned to one time regime
regardless of the number of containment failure modes. For classification

of APBL the order t h a t. the various modes are considered is the reverse
from the order presented in this figure (e.g No CF is the first mode,

considered, then late venting and so on). This is because an APB can have
several containment failure mode > and only the mode most important to
determining the source term is considered for the final classificatlon.

For t he seismic PDSs the containment always fails during the course of the
accident The probability at ea rly cont ainment iallure is 0.30. All of

these early containment tailures occur at. the time of vessel breach. The
~

cont a i tune nt is not vented in any of these accidents because AC power is not
recoverable for the seismic PDSs.

The mean conditional probability of early cont ainment failure for the Fire
PDSs is also approximately 0.30; nearly all of these failures occur before

probability of carlycore damage However, for the Fire PDSs, the mean
containment venting is 0.61. Thus, for tbe Fire PDSs the mean probability

that the containment integrity is lost early in the accident is 0.93.

The Flood PDS group consist of two PDSs Both of these PDSs involve
accident s in which all injection is lost at the beginning of the accident
which result in a subcooleo suppression pool and a low containment pressure
during the early portion of the accident. Thus, neither containment

failure nor venting occurs before vessel breach for these PDSs. The
probabilitv of early containment failure for this PDS group is 0,20; all of
thes" failures occur at the time of vessel breach. It is interesting to
note that the probability of late venting is 0.78. This higb likelihood of
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late venting can be attributed to the fact that in this PDS group AC power
is always available and the vent valves are operable. Thus, during the
course of the accident it is very likely that the containment integrity
will be lost either due to containment failure or late containment venting.

For both the ATWS PDS group and the IDCA PDS, the containment integrity is
always lost before core damage The ATW5 PDS group consists of two PDSs.
In the first PDS, the containment fails from the rapid generation of steam
in the containment. In the second PDS, the containment is vented before
core damage in an attempt to relieve the pressure in the containment. The
LOCA PDS involves long-term loss of containment heat removal which
eventually results in containment failure. The venting system is not
available for this PDS.

For the Transient PDS group, the mean conditional probabilities of early --

containment failure and early venting are 0.31 and 0.05, respectively.
About half of the early containment failures occur before vessel breach.
This PDS group consists of short-term SBos, delayed SBos (injection works
for approximately 8 hours), long-term SBos, and long-term loss of
containment heat removal accidents. For the long-term accidents the
containment either fails or is vented before core damage. For the short-
term and delayed Shos early containment failure is caused by events at
vessel breach. For the Transient PDS group the mean conditional
probability of late venting is 0.39. This PDS group is dominated by short-
term SBO. Before vessel breach the containment pressure is low and early
venting is not required. There is a high likelihood that AC power will be
recovered after core damage but before containment failure and the venting
system is recoverable with restoration of AC power. Thus, it is likely
that the operators will vent the containment late in the accident in an
attempt to reduce the pressure caused by the gases released during CCI.

The mean conditional probability of early containment failure for the
Transient IDCA PDS group is 0.085; all of these failures occur at the time
of vessel breach. This low value for early containment failure can in part -

he attributed to the high probability of early venting, 0.50. The dominant
PDS in this group, which accounts for 50% of this groups mean fractional
contribution to the core damage frequency, is a long-term loss of
containment heat removal accident in which the operators vent the
containment before core damage.

3.5,3 Status of Core-Concrete Interactions

Figure 3.5-7 shows the mean conditional probability of core-concrete
interactions (CCl). The first two summary APBs include accidents in which
CCI occurs following vessel breach. Accidents in which CCI occurs in a dry
cavity are grouped together in the first bin. The second bin includes the
accidents in which the CCI occurs under a pool of water that is maintained
by injection from the vessel. The presence of water is important because a
pool of water above the core debris will scrub the releases. The third bin
corresponds to cases in which a coolable debris bed forms and CCI is
avoided. For CCI to be avoided two conditions must exist: a coolable
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replenishable source of water (i.e., inj ec t ion from thedebris bed and a
vessel). The last bin includes all of the accidents that do not proceed to
vessel breach.

Because inj ection syst ems are not recoverable in either the Seismic or LOCA
PDS groups, CCI always occurs in a dry cavity, Thus, the releases
associated with CC1 are not scrubt>ed by either the suppression pool or the
containment sprays (sprays are not available in either of these PDSs). The
Fire PDS group also has a very high probability of dry CCI because of the
lack of recoverable injection systems. Although inj ec t ion systems are
frequently recoverable in the Flood, ATWS, and Transient PDS groups, CCI is
still likely to occur for accidents that proceed to vessel breach.
Ilowe ve r , because i nj ec t ion is often recovered in these PDSs, it is likely
that CCI will proceed with an overlying pool of water.

_

3,5.4 Sumaary Accident Progression Bins

Figure 3.5-8 shows the mean distribution among the summary accident -

progression bins for the summary PDS groups. Only mean values are shown,
so Figure 3.5-8 gives no indication of the range of values encountered.
These mean values are conditional on core damage. The distribution for
core damage arrest, which consists of the last three bins in Figure 3.5-8,
is shown in Figure 3.5-1. Similarly, the distribution for early
containment failure, which consists of the first two bins in Figure 3.5-8,

a good idea ofis shown in Figure 3.5-2. Nonetheless, Figure 3.5-8 gives
the relative likelihood of the results of the accident progression
analysis. The summary bins were defined in section 3.4 These summary
AFBs will be presented again in Chapter 6 to show which types of accident
are contributing the most to mean values of risk. Thus, this section
provides the reader with information on t.he relative likelihood of the
various bins while Chapter 6 will provide information on the relative
importance of each bin with respect to the mean values of risk. [

The summary APBs are composed of three characteristics: the occurrence of
vessel breach, the containment failure time, and the RPV pressure at the
time of vessel breach. The reactor pressure is only considered if the
containment fails early. If the containment fails late in the accident the
effect of vessel pressure on the accident progression is not as important.

The first four summary APBs group together accidents in which the core
damage process is not arrested (I.e vessel breach occurs) and the,

containment integrity is compromised by either containment failure or
containment venting. The releases associated with these accidents tend to
be large because there are both in-vessel and ex-vessel releases and a path
has been established for the radionuclides to escape the containment. The
first two bins involve accidents in which the containment fails early in
the accident. For the first bin, the reactor pressure is low at the time
of vessel breach, whereas for the second bin the reactor pressure is high.
The mean probabilit ies of these two bins are 0.15 and 0.19, respectively.
The third APB includes accidents that result in containment failure late in
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the accident. This -i s the dominant APB for the seismic PDS group. The a

mean probability of this APB shen all of the PDS groups are considered is
0.09. The fourth APB contains all of the accident progression paths that j

involve vessel failure and containment venting. Both early and late
c ont a inment venting is included in this bin. The mean probability of this
bin is 0.37 which is roughly equal to the sum of the early contairunent
failure bins (i.e., the first two APBs). This is the dominant bin for all
of the PDS groups except for the Seismic and the LOCA PDSs groups.

The fifth and sixth bins in Fi.gure 3.5 8 represent accidents in which the
containment remains intact; however, vessel breach occurs in the fifth bin
and does not occur in the sixth bin. The mean probabilities of these two
bins are 0.056 and 0.065, respectively. These bins mostly occur for the
Transient and Transient-LOCA PDS groups. For these bins, the radionuclide

negligible. The sixth and seventh binsreleases to the e nvi rorute nt are -

include accidents in which the core damage process is arrested, but the
containment integrity is compromised by either containment failure or
venting, respectively. For these accidents. there are only in-vessel
releanes and, in most cases, these releases will pass through the
suppression pool where they will be scrubbed. Inspection of Figure 3.5-8
reveals that for all of the PDS groups the mean probability of core damage
arrest coincident with contairunent failure (i.e., the sixth bin) is less
than 0.001. The mean probability of the seventh bin is approximately 0.09;
however, for the Flood and ATWS PDS groups this bio occurs approximately
25% of the time.

Based ,n the results presented in this section, the following observations
can be made with regard to the accidents analyzed in this study. The
maj ori t y of the accidents analyzed will proceed to vessel failure.
Although notable, the mean conditional probability of core damage arrest is
still fairly small, approximately 0.15. The probability of core damage
arrest in driven by the recovery of AC power for the short-term station
blackouts, the lack of available or recoverable injection systems for the

^

''

other accidents, and the probability of occurrence of in-vessel stem
explosions. Given that core damage occurs, it very likely that the
containment's integrity will be compromised during the cor se of the

'

,

accident by either containment failure or by containment venti!_. The mean
probability that the contairunent will remain intact throughout the accident
is only 0.12. Furthermore, it is fairly likely that the containment will
fall early in the accident--the mean probability of early containment
failure is 0.33. It is also likely that the operators will vent the
containment during the accident--the mean probability of containment
venting is 0.46. Given that core damage occurs, it is likely that the core
debris released from the vessel will participate in core-concrete
interactions. The mean probability of CCI, conditional on core damage, is
0.77. Thus, the potential exist for a large release late in the accident.

The events that result in containment failure before core damage are slow
pressurization events that result from the accumulation of steam and
noncondensibles during accidents in which containment heat removal is lost
or inadequate (i.e., long-term loss of containment heat removal accidents,
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long term station blackout accidents, and ATWS accidents). Event s' that
result in cont airment failure around the time of vessel breach include fast
pressurization of the containment from loads _ accompanying vessel breach-
(i.e., DCH, ex-vessel s t etun explosions, RPV blov*own), Alpha mode events,
-drywell in11ure induced by reactor pedestal f ailure,: and cavity drain _line
isolation failure. Late in the accident, the events that result -in
containment failure include-the slow pressurization of_the cont-ainment from
the steam and noncondensibics generated during CCI and failure of the
reactor pedestal by caused concrete. erosion during CCI.
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~4.0 SOURCE TERM ANALYSIS
,

'4.1 Introduction

.This chapter describes the. source term analysis. The rnodel presented was
developed to analyze the radioactive rnaterial transport within the primary

-

system, the primary containment, and the reactor building._ The model was-

used in the integrated risk uncertainty analysis to determine the releases
arising crom severe accidents _at the LaSalle nuclear _ power plaat. The
analysis includes both interne.1 and external-events and resulted in tens of
thousands of source terms. The resulting - source terms were grouped for-

subsequent consequence analyses using a partitioning process described in
this chapter.

The analysis tracks the transport of radioactive fission products from the
fuel, through the reactor coolant system, through the primary and secondary
containments to the environment. The removal and retention of fission
products by natural processes, such as deposition on surfaces, and by
engineered safety systems, such as sprays, are accounted for when
applicable. A parametric computer model, LASSOR, was constructed to-
perform the source term calculations. It was executed once for each
accident progression bin for each observation in the IJIS sample, using
parameter values drawn randomly from the distributions of all- the source

'

term variables. The results of evaluating this parametric model were the
release fractions for each of nine radionuclide groups during three time
regimes. The power of the releases, the timing of these releases, and the
altitude of the releases are also determined, as well as the time at which
the emergency response warning is given. The type of event was also
distinguished as: seismic, fire, and all others. These source terms were
then partitioned into groups that were expected to have similar
consequences. The resulting source term groups were used in the
consequence analysis.

This chapter includes a description of the_ method used for estimating the
source terms, a description of the IASSOR code, the source term uncertainty
issues, the source term resul ts , and a description of the partitioning of
the source terms.

4.2 Considerations for Estimating the Source Terms

4.2.1 Introduction

The source term for a given accident progression bin consists of the
release fractions for nine radionuclide groups for - the release before
vessel breach, the release-at vessel breach, and the release after vessel
breach, as well as information about the timing of the releases, the power
associated with the releases, the height of the releases, the event type,

_

and the warning time. The radionuclide groups and the isotopes included in
the groups are tabulated in Table 4.2-1.

4-1
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Table 4i2 1.
,

| Isotopes in Each Radionuclide-Release Class.

|
'

: .

I Release C1 ass Isotopes Included

|
,

1. Inert Cases Kr-85, Kr-85M, Kr-87. Kr 88, Xe-133, Xe-135
2. Iodine I-131, 1-132, 1-133, 1 134, I-135 i

| 3. Cesium Rb-86, Cs-134, Cs-136, Cs-137
4. Tellurium Sb-127, - Sb-129, Te 127, Te-127M, Te-129, To-129M, |i

'Te-131M, Te-132'

[ 5. Strontium Sr-89, Sr-90, Sr-91 Sr-92
6. Ruthenium Co-58. Co 60, Mo-99, Tc-99M, Ru-103, Ru-105, Ru 106, !.

'
|- Rh-105

| 7. Lanthanum Y-90, Y-91, Y-92, Y 93, Zr-95, Zr-97, Nb-95, lat 140,

j 12i- 141, La - 14 2 , Pr-143, Nd-147, Am-241, Cm 242, Cm-
; 244

i 8. Cerium Co 141, Cc-143, Ce-144, Np-239, Pu 238, Pu-239, Pu-

|
240, Pu-241 |

9. Barium Ba-139, Ba-140
i
i
!

i
;

.
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i
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The source term analysis' is . performed with a - relatively small computer
code IASSOR. The goal of this code is not to calculate the behavior of !
the fission products from their chemical and _ physical properties and the ,

thermal hydraulic conditions in the reactor and the containment. Instead,

the purpose is to parametrically represent the results of more detailed
codes that do consider these quantities, as well as the opinions o f tho -
experts who supplied source term information. The method by which the
source terms were estimated is discussed in this section.

4.2.2 Timing Considerations

Releases to the environment are divided into three time regimes: before
vessel breach, at vessel breach, and after vessel breach. Releases before
vessel breach include those releases associated with the in-vessel core ,

degradation process, The vessel breach releases include the_ puff release
,

that occurs when the vessel breach occurs, releases due to direct
containment heating, and releases due to ex-vessel steam explosions. The
late or after vessel breach releases include releases due to core-concrete
interactions, revolatilization of radionuclides in the RCS following vessel
breach, and volatilization of lodine from the cavity water and suppression
pool.

Multiple containment failures were considered in this analysis resulting in
the possibility of three different release paths for the three release ,

times described 9bove. For each release time, the carrent and any previous
containment failures were considered in determining the pathway that would
most accurately represent the characteristics of the release at that-time,
The release path was then changed so that the release would go thr > ugh the
appropriate pathway. Releases prior to the change in pathway were not
a f fec ted . If the containment did not fail until the late time frame, then

all releases went through that failure path and divided into two release
segments with the first release segment represented as a puff at the time
of containment f ailu re whose relative magnitude depended on the failure
mode (rupture vs. leak).

4.2.3 System and Phenomenological Considerations
L The characteristics of the primary system and the primary and secondary

(reactor building) containments are described in Sections 1.3 and 3.2, .The
1 primary barrier between the radionuclides released from the vessel and the
I outside environment is the containment structure. The containment

structure has a design pressure of 45 psig and an assessed mean failure
pressure of 191 psig. The causes of containment failure considered in the
analysis include:

1, Overpressure (rapid and slow),

2. Containment venting through the wetwell when the containment
pressure reaches 60 psig,

._.
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I

3. Drywell rupture due to reactor pedestal failure caused by
core concrete interactiona or by loads at vessel breach,

4. Drywell floor drain isolation failure, and

5. Alpha mode tallures.a

In the event of a containment' failure, there are a number of plant
characteristics that help reduce the amount of radionuclides released to
the environment. The suppression pool can provide substantial mitigation
of the source terms in accidents because of it s ability to ef f ectively trap
radionuelides. The cavity may also fill with water trapping radionuclides
during core concrete interactions. In addition to these two pools,- the
containment sprays may also reduce the source term.

There are two pathways by which radionuclides enter the suppression pool.
The first pathway is through the SRV tallpipes from the vessel through the
T-quenchers in the suppression pool. The second pathway is through the
drywell and then into the suppression pool. This second pathway can occur
in two ways. The first way is if an SRV tailpipe vacuum breaker sticks
open during core damage. If the drywell has not f ailed and the drywell
vacuum breakers have not failed open, then the release path is to the
drywell then through the downcomers into the suppression pool. The second
way is is via a LOCA where the release path is directly from the reactor
vessel to the drywell and then through the downcomers into the suppression.
pool. The first pathway, through the tailpipes directly to the suppression

-pool, is more ef fective than the second pathway, through the drywell and
then to the suppression pool, at trapping radionuelides. tiow e ve r , the
second pathway still of fers a significant mechanism for mitigating the
source term.

The containment sprays, which are located in the drywell, can . also be
effective a t. reducing the amount of airborne radionuclides. The-

decontamination factor associated with the sp"ays is roughly equivalent to
the decontamination factor for the suppression pool through the downcomers.

The final barrier between the radionuclides released from the fuel and the
environment is the reactor building. The reactor building envelopes the
containment; thus, all radionuclides released from the c ontaltunent must
pass through the reactor building. However, the decontamination factor
varies for different containment failure locations. If the drywell head
fails, t.he n the radionuclides must only pass through the ref ueling floor
before reaching the environment. -This is in contrast to a failure anywhere-
else in the containment which resul ts in the radionuclides passing through
the reactor hu11 ding proper with its relatively higher decontamination
factor due to the more contorted pathway to the environment and more
surface area ior radionuclide deposition.

4-4
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4. 2.4 Envi rorutent al Release Considerations

In addition to the amounts of the radionuclide species released during an
accident, the consequences analysis also neet: input concerning the release
power, time, duration, and height. Furthernare, the analysis requires an
estimate of the time at which emergency warning is given by the plant
operational personnel so that the time for a possible implementation of the
emergency response measures can be judged. This estimation is also made in
IASSOR.

hr.L E.lon of the ILGSOR CodeI4.3

4.3.1 Introduction
_

The LaSalle parametric source t e rn, c ode , lASSOR, is based on the XSOR codes
developed for the NUREG-1150 analysis * and is most closely related to the
rource term code for Peach Bottom. PBSOR.1 The following sections describe
the major di f ferences in the two codes and the parametric equation used to
calculate radionuclide t ransport. at LaSalle

4.3./ Release Phases

To improve t.he characterization of the source term, the release was divided
into three segments, in contrant., two segments were used for the NUR''G - 1150
plants.2 The three time segments were defined to be before vessel breach,
at vessel breach, and after vessel breach, This characterization allows

the slow releases before vessel breach to be differentiated from the short
puff at vessel breach, resulting in a better representation of the source

2
term during an evacuation. The three release phases are only necessary
when the containment falls before vessel breach. If the containment does
not fail before vessel breach, the second release is set to zero and the
first release becomes a puff and occurs at containment failure (i.e., there

"

are only two release segments: a puff and a tail),

4.3.3 Multiple Containment Failures

in the NUREG-1150 analysis only two release segments were used. For the

BWR analyses (e.g , Peach Bottom 1 and Grand Gulf 3), it was very difficult
for the analysts to accurately represent the characteristics of the release
and its impact on the evacuating population with only two release segments.
This was particularly true in two cases. The first involves those accident
progressions where the containment failed prior to vessel breach cnd a

_

* H.-N. Jow, W. B. Murfin, and J . D. Johnson, "XSOR Codes User's Manual,"
NUREC/CR-5360, SANDS 9-0943, Sandia National Laboratories, Albuquerque,
NM, to be published.
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small initial release occurred during evacuation. Depending on the nature
of the evscuation, this small release can be the dominant <ontributor t.o
the early radiation effects on t.he evacuating population. Iloweve r , the

puff release at vessel breach and the long-term CCI release are the largest
contributors to the long-t erm ef fects. If all three occur in an accident
progression, then three release segments are needed to accurately model the
effects. The second case involves accident- progressions similar to the
first case; but, where the containment failed a second time,_ usually at i

vessel breach, in e way that would lead to most of the radionuclides j
tollowing a pat;. with substantially dit ferent characteristics from the path j

resulting f rom the original failure. This implies that the initial release
path could he cuhst antially dif ferent from the release at vessel breach or
the long-term release and again three segments would be needed to
accurm ely model the etfects The MACCS code' that was used to perform the i

consequence calculation can handle a source term with three release
segments without modification. They were just not. used in the NUREG-1150
unalysis. The capability of modeling mul tiple containment failures was
incorrorated into the 1.ASSOR code to ensure that a more accurate
representation of t he characteristics of t he source terms would be obtained
and t. o take advantage of this capabil i t y in the MACCS code. In each tit,

frame the radionuclides were released through the pathway that was judge-
to most accurately represent the source term. A detailed analysis was made,

of all the possible pathways for a release a t. a particular time. These
were then analyned using an event tree model to examine al1 the possible
combinations of different failure modes, locations, and times. As a result
of this analysis, the f ollowing hierarchy of failure locations and sizes
was determined. I t- should be emphasized that these comparisons take place
between failures occurring at different thws,

1. Ruptures were always considered to be worse than leaks into
the reactor building because the lowest resistance pathway
would be the rupture.

2. A failure in the drywell head was always considered to he
worse than a failure of the same size in the drywell because
both the median and maximum reactor building decontamination
factors were smaller for a drywell head failure t.han for any
other type of drywell f ailure.

3, A failure in the wetwell above the normal water line was
_ _ _

always considered to be worse-t.han a failure of the same size
in the wetwell below the water line. Even with the most
severe failure below the water line, a hand calculation
showed that the water level remains above the bottom of the
SRV T-quenchers and the bottom of the downcomers. The result
is that the radionuclides are forced to pass through - the
suppression pool as they-leave the con i lnme n t. . On the other
hand, radionuclides may or may not pass through the
suppression pool to be released if the failure is in the
wetwel1 above the water line

4 . (>
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drywell or drywell head failure and a wetwell failure4. If a
above the water line of the same size occur, the choice of
pathway depends on the status of the cavity floor and the
sprays. If sprays are not available, the relea e is treated
as if it all passes through the drywell or dryvell head. If

sprays are available and the cavity floor has not failed, the
release is treated as if it is .il through the pathway with
the minimum decont- ..uition factor as determined by the
observatton currently being processed. If the sprays are
available and the cavity floor has failed, the release is
treated as if it is all through the wetwell above the water
line since the sprays do not affect the radionuclides in the
wetwell.

5. If a drywell or drywell head failure and a wetvell failure _

below the water line of the same size occur, the choice of
pathway depends on the status of the sprays. If the :,p rays

are not operating, the release is treated as if it is all
through the drywell or drywell head. If the sprays are
operating, the release is treated as if it is all through the
pathway with the minimum decontamination factor.

-

An example of a passible multiple failure is venting before vessel breach
follo>.ed by a rupture in the drywelI caused by the reactor vessel fn11 tug
as a result of pedestal failure due to core-concrete interactions. In this
case, releases before and at vessel breach would go through the venting
pathway, and releases after vessel breach would go through either the
venting pathway or the drywell, depending on which pathway had the lowest
decontamination factor.

4.3.4 Parametric Equation

This section descrlhes the parametric source tere equation developed for -

1.aSalle. Each type of release is described separately.

In-Vessel Re_] eases

The source term for each of the nine radionuclide groups (denoted by 1) due
to releases before vessel breach is given by:

* FCONVi * (FPLBY/DF1 + (1.0 -FPLBY)/DF2) /ST FCORi * FVES-i g

RBDF.1

Where:

FCOR - f raction of initial inventory of species i released from the
i

fuel prior to vessel failure,

of species i that was released from the fuel whichFVES - frac: ,
i

is released from the vessel.
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i
fraction of' species i released from containment for releasesFCONV -

before vessel breach, not including the effects of scrubbing _
by pools and sprays,

FPl.BY - - fraction of pool bypass before_ vessel breach as a result of -;

cither a IDCA or st uck+open vacuum breaker, and -

RBDF - decontamination fact or for the reactor building for species
i

1.

The decontamination factors (DFl and DF2) applied depend on tho. location of
the containment failure and the pathway - from the reactor vessel, This
release la through the-first available cont ainment failure location. If a
drywell or drywell head failure oct :rs , then DF1 - DFSPRV and DF2 '

-
s

max (DFVPA ,DFSPRV ) . where DFSPRV is the scrubbing decontamination factori s i
for sprays acting on species i released into _ containment from the vessel
before vessel breach and DFVPAg is the scrubbing decontamination factor for
acrosol species i flowing direct.ly from the-vessel t.o the suppression-pool

i and t. hen out. the containment failure. The val _uc of DFSPRV is 1,0-10 thei

sprays are not operating. The_ maximum of DFVPAi and DFSPRV, is taken since
both paramotors could be very high in a given observat.lon of the sample and
the experts felt that using the maximum of the two values was appropriate.
The second, lower, decontamination factor was not applied in addition to r

the firnt because the poolu & c.J sprays tend to remove the same size
aerosol. If a wetwell failure occurs, DF2 - DFVPA since sprays will not
affeet releases from the votwell and DFl - DFSPRV - if the drywell vacuum3

breakers have failed open thus bypassing the downcomers, or- DFl -

max (DFSPRV , DFCPA ) , if the drywell vacuum breakers have not failed,3 i

DFCPA tu the scrubbing decont amination factor for aerosol species i
flowing from containment through the suppression pool. The reactor-
building DF is selected from n different distributton !! the containment
failure is to the refueling floor as opposed to anywhere else.

yessel BrtuichJ'uff

The source term due to releases at vessel breach not including the effects-
of direct containment heating (DCH) or ex-vessel steam explosions ~(EVSE) is
given by:

ST - FCONC * VBPUF / (RBDF, * DF3) .3 1

Whero'

FCONC- ~ fraction of species l' released from c ontainmotit for CCI and-i
other relensca at or after vessel breach, not including the
effects of scrubbing by pooln and sprays, and

VBPUF - fractton of Initial core inventory of specten i that is
i

released to the containment as a puff at the time of vennel
breach (does not. Include releases from DCll or EVSE).,

484

-. . - . - . . . . _ . _ . . _ _ ,. . _ .__ ____._ _ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. . _ _ _ _ . _ _ . - - _ _ _ . _ _ _ _ .. _ ._ -__.-._ _.___ _ _.

DF3 depends on the location and timing of containment failure as described
below.

Wetwell Failure

If a wetwell failure occurs above the water line and the cavity floor fails
at vessel breach, DF3 - 1.0 since the radionuclides will not have to pass
through the suppression pool and sprays do not affect the votwell,
floweve r , if the cavity floor does not fail at vessel' breach, DF3 - DFCPA i

since the radionuclides will have to pass through the pool to be released
from the containment. If a wetwell failule occurs below the water line,4

DF3 - DFCPA since a hand calculation shows that the suppression pool water
3

level will still be above the outlet of the SRV T-quenchers and the
downcomers and all radionuclides leaving the containment.will pass through
the reduced suppression pool.

Drywell Fai?ure

If a drywell failure occurs either in the drywell itself or in the drywell
head, the decontamination factor depends on the status of the sprays. If

the sprays are operating, DF3 - DFSPRC ; otherwise, DF3 - 1.0. DFSPRC is
i 3

the scrubbing decontamination factor for sprays acting on species 1
-

released into containmenc after vessel breach.
a

No Containment Failure

If no containment failure occurs in the accident progression bin, DF3 -

min (DFSPRC ,DFCPA ) which is the minimum decontamination factor possible.
i i

The minimum value is chosen in order to maximize the amount of
radionuclides released from the containment through leakage. This was done

to simplify the calculations since these source terms are negligible =
compared to the other cases.

Direct Containment lle a t i n_g

The source term due to direct containment heating is given by:

STi- (1.0 - FCOR - VBPUF ) * FLV * FilPE * FDCili * FCONCi/3 i

(RBDFi * DF3).
;

Where:

FLV - fraction of the core material that leaves the vessel anytime
at or after vessel breach (assumes that the ratio of species
i- leaving the vessel to the initial inventory of species i

| is the same for all species),

FHPE - f rac tion of core material leaving the vessel that
participates in direct contaitunent heating (assumes that the
ra ti o nf species i participating in DCll to the amount of

for all species),species i leaving the vessel is the same
an .1
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i fraction of species i in-the debris that participates.in DCilFDCll
'

-

that is released due to DCil.

DF3 depends on the location and timing of containment failure as described
above.

Ex Vessel Steam Explosion

Similarly, the ex-vessel steam explosion sourc( term is given by:

(1.0 - FCOR; - VBPW ) * FLV * EVSE * FEVSEi * FCONCi/ST -
i i

(RBDFi * DF3).

Where:

fraction of core material leaving the core after vesselEVSE -

breach that is in .rolv e d in an ex-vessel steam explosion
(assumes that the ritio of species i involved in EVSE to the
amount of species i leaving the core is the same for all'
species), and

fraction of species i in the debris participating in EVSEFMSE -t
that is released due to EVSF.

DF3 may be determined from the information above.

Molten Core Concrete Interactions

The core-concrete interaction (CCI) release is given by:

i - VBPUF ) * FLV * XCCI * FCCli * FCONCi/(1.0 - FCORST -
ii

(RBDFi *.DF4).

Where:

fraction of core material leaving the core after vesselXCCI -

breach that is available for CCI (assumes the ratio -of#

species i available for CCI to the amount-of species i
1 caving the core after vessel breach is the same for_ all
species), and

fraction of species i available for CCI that is releasedFCCI -
t

during CCI.

The decontamination factor, DF4, is partially determined in the saae manner*

as DF3, however, radionuclide scrubbing in the cavity water is possible in
the latter stages of the accident. It should be noted that, while the
mathod of determining DF3 is the same, the numerical value of PF3 may be
different_due to subsequent containment failure later in the acc.Jent. If

a replenishable source of water exists, either sprays or low pressure

4-10
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max (DF3,DFCAv ) where DFCAV is the scrubbinginjection, DF4 -
i i

decontamination factor for aerosol species i released into cavity water
during CCI release,

llevolatilizatLon Af ter Vessel Breach

The equation for cesium, iodine, and tellurium release due to
revolatilization after vessel breach is given by:

* FCORi* (1.0 - FVES ) * FCONCSTi - ( 6 u + 6 n + 6 a) * FREVoi i i

/ (RBDFi * DFS).

Where:

fraction of species i that was retained in the vessel that -

FREVo -
i

is revolatilized following vessel breach, and

J and 0 otherwise. The 2, 3, and 4 subscripts1 if i6 --g
denote iodine, cesium, and tellurium, respectively.

The decontamination factor, DF5, is determined la the same manner as the
decontamination factor, DF3. lloweve r , this decontamination fact.or is not

necessarily the same as DF3 since another containment failure may have
occurred in a worse location later in the accident.

1, ate VolatilizatLon of Indine

The source term equation for late revolatilization of iodine from the
suppression pool and the water in the reactor cavity is given by:

STi - 6 u * (FLTIl * P00L1 + FLT12 * CAVWI) * DF6.

Where:

fraction of iodine in the suppression pool that isFLTIl -

volatilized and released after vessel breach,

fraction of initial core inventory of iodine scrubbed by theP00L1 -

pool,

fraction of iodine in the cavity water that is volatilizedFLT12 -

and released after vessel breach, and

fraction of initial lodine core inventory scrubbed by theCAVW1 -

cavity water during CC7 release.

FCONC if there is no containment failure or DF6 - 1.0 if there isDF6 -
i

containment failure This is based on the opinion of the experts that
revolatili.ed iodine would behave as a noble gas. For late volatilization.

of lodine, the decontamination factor associated with the reactor building

is not applied.

4-11
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If the containment fails before vessel breach, then there are three release
segments consisting of (1) an initial re: anse - the in-vessel release, (2)-
a puff release. - the vessel breach puf f , DCH, and EVSE, and (3) a late
release MCC1, Revolatilization after VB, and late lodine. If the-

containment fails at vessel breach, then there are two releases-consisting.
of (t) an initial puff release - in vessel release, the vessel breach puff,
DCH, and EVSE, and (2) a late releaso - MCCI, Revolatilization after VB,
and late lodine. If the containment falls after vessel breach, then there
are the same two releases but some of the late release is put into the
initial puff depending on the accident progression t iming.

4.4 I ASSOR INPUT
i

4.4.1 Introduction

The LASSOR input consists of two types of variables; sampled and non-
sampled. This section describes both types of variibles and the sources of
data used to quantify the variables.

4.4.2 Source Term Uncertainty Issues

4.4.2.1 Introduction

The variables discussed in this section were sampled with the Latin
Hypercube sampling technique along with all other uncertain variables from
the accident frequency analysis and the accident progression analysis.
Many of the distributions used in this analysis are based on distributions
p uerated by the Source Term Expert panel during the NUREG-ll50 study.*

4.4.2.2 Issue Selection

The parameters chosen for the uncertainty analysis are the same as those
analyzed in the Peach Bottom study with the addition of the warning time
for several scenarios. The same issues were included in the LaSalle
analysis because of the many similarities between the LaSalle and Peach
Bottom plants. The parameters are described in Table 4.4-1 and discussed
furthe in Secti.on 4.4.2.3. The tahlo contains three columns. The first
column contains the mnemonic used to represent the variable. The seconda

column contains the position of the variable in the Level II IJIS sample and
the third column contains a description of the variable and the' source used
to quanti fy it. Variables not chosen for the uncertainty analysis are
described in Sect ion 4.4.3,4.

* F. T, Harper, et. al., " Evaluation of Severe Accident Risks:
Quantification of Major Input Parameters, Expert Opinion Elicitation on
Source Term Issues," NUREG/CR-4551, SAND 86-1309, Vol. 1, Rev. 1, Part

4, Sandia National Laboratories, Albuquerque, NM, to be published.

|
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Table 4.4 1
Variables Sampled in the Source Term Analysis

.__

Variable IJIS - Description

TW 262 Time at which the general public is informed that
they should evacuate The distributions used for
this parameter were developed by the project staff.

FCOR 263 Fraction of each fission product group released from
the core to the vessel before vessel breach. There
are two cases; high and low zirconium oxidation.
This paraneter was assessed by the Source Term
Expert Panel for NUREG-ll50.

FVES 264 Fraction of each fission product group released from
the core which is released from the vessel. There
are three cases: short-term station blackout with
the RpV a t. system pressure, short-term station
blackout with the RPV at low pressure, and ATWS with
the RPV at system pressure. This parameter was
assessed by the Source Term Expert Panel for NUREG-
1150.

FCCI 265 Fraction of each fission product group in the core
material at the start of core concrete interactions
that is released to the containment. There are four
cases low /.frconium oxidation in the core and no
overlying water, low zirconium oxidation in the core
with overlying water, high zirconium oxidation in
the core and no overlaying water, and high zirconium
oxidation in the core with overlying water. This -

parameter was assessed by the Source Term Expert
Panel for NUREG-llSO.

FDCll 266 Fraction of each fission product group in the core
material that participates in a direct. containment
heating event ( D Cll) that is released to the i

containment. Given the occurrence of DCll, there is

only one case This parameter w.s assessed by the
Source Term Expert Panel for NUREG-llSO.

FEVSE 267 Fraction of each fission product group in the core
material that participated in an ex-vessel steam
explosion that is released to the containment.
Given the occurrence of an ex-vessel steam

4-13

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



.

1

; Table 4.4-1 (Continued)
Variables Sampled in the Source Term Analysis

i
i

Variable Ills a Description

- , .

explosion, there is only one .:are. This parameter
was not assessed by the Source Term Expert Panel for
NUREG-1150. It is ausumed that the release
fractions for t. h e ex. vessel steam explosion
phenomena are sufficiently similar to the release
fractions associated with DCll that the DCil

i
distribut' ns are. also used to quantify this
parameter.

FLT11 268 praction of lodine in the suppression pool that is-
volatilized and relnamed after *.*essel breach. There
are two cases: the suppression pool in subcooled and
the .uppression pool is saturated. This parameter
was assessed by the Source Term Expert Panel for
NUREG-1150.

FREVO 269 Fraction of the deposited amount of each fission
product group in the RpV which revolatilized- af tera

VB and was released to the containment. There-are
three cases: no water injection after vessel breach
and a high drywell temperature, no water injection
after vessel breach and low drywell temperature, and
vator injection to the vessel af ter vessel breach.
*lhts parameter was assessed by the Source Term
E< pert Panel for NUREG-1150.

RBDF 'O Decont. amination f actor for aerosol releases flowing
from the reactor building to t.he envirotunent. There
are four cases: drywell rupture and suppression ~ pool
subcooled, drywell rupture and suppression pool
saturated, drywell head seal leak and suppressic6

'

pool subcooled, and drywell head seal leak ano
suppression pool saturated. This parameter was
assessed by the Source Term Expert Panel for NUREG-
1150.

FCONV 271 Fraction of each fission product group released from
containment for material released into containment

' _ _ _

before vessel breach, not including the effects of
scrubbing by pools and sprays. There are seven
cases: early containment leakage and a subcooled
suppression pool, early containment - leakage and a
saturated suppression pool, early containment

i

h
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Table 4.4 1 (Continued)
Variables Sarrpled in the Source Term Analysis

Variable IJIS # Description
-

rupture and a subcooled suppression pool, early
containment rupture and a satutated suppression
pool, late containment leak, late containment
rupture, and no containment failure. The parameter
was assessed by the Source Term Expert Panel for |

NUREG 1150. |

FCONC 272 Fraction of each fission troduct group reieased from |

containment for CCI and other releases after vessel
breach, not including the e. f f e c ts of scrubbing by I

,

pools and sprays. There are seven cases: early
containment leakage and a subcooled suppression
pool, early containment Icakage and a saturated

'

suppression pool, early containtnent rupture and a
subcooled suppression pool, early containment
rupture and e saturated suppreasion pool, late
c ontaintnent leak, late containment rupture, and no-
containment failure. The parameter was assessed by
the Source Term Expert panel for NUREG-1150.

DFVpA 273 Decontamination factor for in-vessel releases that
are released into the suppression pool through the
SRV T quenchers. This parameter was not assessed by
the Source Term Expert panel for NUREG-1150. The
values from the draft Grand Gulf source term
analysis 5 were used for the single case.

DFCpA 274 Decontamination factor for aerosol releases flowing
from the drywell to the suppression pool through the
downcomers. This parameter was not assessed by the
Source Term Expert Panel for NUREG-1150. The values
from tho draft Grand Gulf source terra analysis 5 were
used for the single case.

DFCAV 275 Decontamination factor for aerosols released into!

I the cavity water f rom the CCI release. This DF is
applied when the core debris is not coolable and CCI
proceeds under water. There is one case: the

-flooded with a continuous supply *
reactor cavity is
of water. This parameter was not assessed by the
Source Term Expert panel for NUREG-1150. The

| distributions- for this parameter were modified from
the draft Grand Gulf source term analysis 5 (as'

discussed later in section 4.4.2.3).
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Table 4.4 1_(Concluded)
Variables Sampled in the Source Tern Analysis

Variable ijls u Description

DFSPRV 276 Decont ainination f actor for sprays acting on fission
product groups released into the containment from
the vessel. This parareeter was not assessed by tbc
Source Term Expert Panel for NUREG 1150. The
distributions for this parameter were teodified iroin
the Surry source term analysis draft report # (as
discussed Inter in section 4.4.2.3).

FbT12 277 Fraction of lodine in the cavity water that la.

volatilized and released after vessel breach. There
are three cases: the reactor cavity f.s dry, the
suppression pool is subcooled, or the suppression
, al is saturated. This parameter was assessed by

; the Source Term Expert panel for NtiREG 1150.

DPSPRC 278 Decontamination factor for sprays acting on fission
product. groups released into the containment after
vessel breach. This parameter was not assessed by
the Source Term Expert panel for NUREC-1150. The
distributions for this parameter were inodified from
the drafL report. of the Surry searce term analysis 6
(as discunsed later in this section).

!
.

i

6

,
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4.4.? 3 1ssue Discussion

TV Varning Time

Elini 4: "s of the warning time for several accident scenarios were
cond > * ' n July 13 and 16, 1990. Subjective opinions were obtaited from
Thor drown and Atthur L. Payne, Jr. of SNL The elici tat ions were

prima'ily based on LZP 1200-1, * Classification of GSEP condit ions ," where
GSEP is an acronym for Generating Stations Emergency Plan, for the LaSalle
plant.' Throughout thir section the conditions satisfied in the G5EP are
Indicated in parentheses, i.e (condition 1K). This procedure is used by,

the plant personnel to determine the severity of the plant cc:.d! t ion and
t o when to call a general energency.gives guidance as

The scenarios for which distributions were developed include
-

1. ATWS with successful injection and successfu. .enting,'

2 ATWS with successful injection, venting failure, and
containment fallure due to overpressure,

3. short-term accidents with failure of all inj ec t i on ,

4. scenarios with high ptessure inject ion but no cont aitunent heat

removal result ing in contaltunent failure betore core damage,

5. a scenario with no containment heat removal, however, low
pressure i nj ec t i on is operating, resulting in a high enough
containment pressure to force reclosure of the SRV's, thus
repressurizing the primary system which fails the low pressure
injection system leading to core dar "

,

scenario with inject ion init ially working f ollowed by f ailure
_

6 a
of injection, the RPV either remains depressurized or was not
depressurized,

7. a scenario with injection initially working, s y s t e in
depressurization occurs, inj ec t ion faiIs, and the RPV
repressurines following the loss of DC power.

The cumulative distribution function for the ATVS scenario with successful
vent ing is shown in Table 4.4-2. As soon as the ATWS begins, the plant is
in a .ite emergency (condition 3K). When the c ont ainme nt reaches 45 psig
and the water level in the reactor pressure vessel is less than the -129"
level, the conditions for another site emergency <.<ist (condition 2K).
R E LA P B and LTAS* calculations performed for the Level i analysis and
report ed in Volume 4 of NUREG/CR-4832' have shown that during an ATWS the
_ _ . _ _ . _

* A. C Payne Jr., S. A. Eide, J. C. laChance, and D. W. Whi t ehead ,
" Analysis of the LaSalle U n i t. 2 Nuclear Power Plant: Risk Methods
Integration and Evaluation Program (RMIEP), Volume 4: Initiating Events
and Acc ident Sequence Delineation," NUREG/CR-4832/4 of 10, SAND 92-0537.
Sandia National Laboratories, Albuquerque, NM, t o be published.
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water level will be below the 129" level unless the main feedwater and ;

j primary coolant systems are working. The existence of two site emergencies |
can result in upgradir.g the condition to a general emergency by the Station !4

I Director. _The experts agreed that the earliest a general emergency would ;

be called was when the the two site emergencies occurred, i.e., when the
!] c ont a inme nt pressure reached 45 psig. The experts also agreed that it was

most likely that the general emergency would be called by the time core i,

i damage occurred (conditions 1Y, 17. , 17.A . 2N, 2p, 2Q, 3N. 30); however, '

since this accident occurs very quickly, a St probability tail was included t

for 0.5 hours beyond core damage to account for possible confusion due to '

high st ress . The dictributio. was assumed to be uniform between the time
the containment pressure reached 45 psig and the time of core damage and
between the time of core dams and 0.5 hours after core damage.

The onset of core damage was taken to be 0.5 hours after venting occurred
(i.e., af ter loss of injection from severe reactor building envirotunents at.

or near time of venting). This is 0.98 hours after the beginning of the
accident. Calculations perf ormed with the MELCOR code," and described in
Volume 3 of this report, show that core damage begins 1.3 hours after the 4

initiation of a short-term station blackout accident. with no inj ec t ion.
Since the cor e will be at a higher power in the ATWF sequence than in the

i short -term station blackout until the water is boiled off, the time to core
damage for an ATWS should be shorter than that for i short+ term station'

blackout. Based on this observation, the start of core damage was
estimated to be 0.5 hours af ter venting. The time when the c on t a i tm e n t. ;
pressure reached 45 psig was determined from the hTAS ATWS calculations
mentfoned above

,

The cumulative distribution function for the ATW5 scenarlo with containment
failure due to overpressure is shown in Tabic 4.4-3. This scenario is very <

'

similar to the ATWS scenario with successful venting. The difference is
that venting does not occur and the containment, therefote, fails later due
to overpressure. The structure of the distribution Li the same as the
d i s-t ribu t ion in Tabic 4.4-2; however, the timing of the events is
different. Based on the LTAS ATWS calculations mentioned above, the

3

containment would fail at 4375 seconds. Core damage was again set to begin
i at 0.5 hours after containment failure. A 0.5 hour tail aftet core damage

occurs was also included in the distribution to allow for confusion on the ,

part of the plant personnel due to high stress. |

The cumulat.ive dist ribution function f or the short term sequences is shown
in Table 4.4-4. The earliest the experts thought a general emergency would
be called was when tho water level in the reactor vessel reached the -129"

*

level (0.5 hour). prior to this time a site emergency may exist due to the
L loss of power (condition 3M). When the low water level is reached, the
! plant personnel may call a general emergency (condition 3N) . The time at

which low reactor water level is reached is based on the short-term station
blackout calculations performed with the MELCOR code and described in

i

.
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Table 4.4 2. ;

Cumulative Distribution Function for TW !
for the ATVS Scenario With Successful Venting. |

t

f.eIsint.ilt Warning Time (sec) |

0.0 1430. ,

0.95 3530, j
1.00 5330. ,

|

,

|
r
1

Tabic 4.4 3.
Cumulat:lvo Distribution Function for TW 7

f or the ATWS Scenario With contaitunent Failure .

'Due to Overpressure.

fr.trentile Warning Time (sec)
0.00 1430,

'0.95 6175.
I 1.00 7975. |
.

Table 4,4-4.

Cumulative Dir.tribution Function for TW
4

For t he Short term Sequences,

Percentile Warninr. Time (see)
0.00 1800.>

0.25 4680.
0.75 4680.
1.00 7200. i

_

-

- i
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Volture 3 of this report. The experts thought it was highly likely that a

general errergency would be called at the onset of core danmge (conditions
30, 70, ?P, ?q, lY, 17, 1ZA), thtu, 50% of the probability was assigned to
this time To account f or conf usion and possibly degraded inst rtur.ent at ion,
the warning time was allowed to be an large as two hours after the
initiation of the accident.

core damage in two scenarios ofl .o s s of cont alun;ent integrity occurs before
concer n t o the PRA. In the first, venting occuts before core damage and in
the second, the containment falls due t. overpressure before cote damage
The logic used to determine the cumulat ive dist ribution funct ions for t hese
two scenarios was the same; however, the timing was different. The
emrulat ive dist ribut ion f unc t ion f or vent ing bef ore core damage is shown in
Table 4.4-5 and the cumulative distribution function for containment
failure due to overpressure before core damage is shown in Tabic 4.4 6, _

The experts believed the eatllest a general emergency would be called would
he at or near the cont ainment failure time based on the procedures
(condit ions ?q, IN, 2N). Inject ion f ailure from severe environments in the
scactor building could occur at or close to c ont a l turen t failure following

generalcontainment failure, the experts thought a declaration of a
en=crgency would be equally likely at any time up to two hours before core
damage at which time conditions 30 and ?P of the procedures for a general
emergency would be satisfied. From two hours before core damage to the

general emergencybeginning of core damage, the experts thought a

declaration would be equally likely. The t i trie of S hours from cont a i nment
influre to the start of core damage was based on the long-term station
blackout calculat ion perf ormed with the MEiLOR code and described in Volume
3 of this report.

The cumulative distribution functions for the scenario in which the SRV's
reclose causing the low pressure injection systems to fall and the scenario
in which inject ion is initially available but later fails and the system
pressure either remained high or remained low are shown in Tables 4.4-7 and
4.4-8 respectively. The cumulative distributton function for the scenario
in which injection is init f ally available and the RPS is depressurived then
i nj e c t ion fails and the RPS repressurires is shown in Table 4.4 9 The

logic involved in developing these dist ribut ions was the same; however, the
timing was diflerent for each scenario. The experts felt t ha t. the earliest

emer ency would be called would be at the loss of coolantgenerala n
inject ion based on the procedures (conditions ?Q and 3N). When the water

level in the reactnr vessel reaches the -129" level the conditions for two
site emergencies (conditions ?M and 3J ) will have been met and the experts

general emergency would be called atassigned 25+ of the probability that a
general emcrgency would bethis time The latest time the experts felt a

called was at the onset of core damage (condition 1Y, lZ, 1ZA, 2P, 30) and
general emergency was equally likely to be called at any timethey felt a

between the -129" level and core damage The timing for these sequences

was based on the intermediate station blackout calculation with

4 2()
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|
| Table 4.4 5.
i Cumulative Distribution Function for TW
| For Venting Before Core Damage.

J
Percentile Warninc Time (sec)

; i0.00 83520.
,

1 0.95 94320. ,

'
1.00 101520.

|
'

! 1

! ;

| !

| Table 4.4 6. i

| Cwoulative Distribution Function for TW ,

For Containment Fail re Due to overpressure Before Core Damage.
j

! |
>

i

|:- Percentile Qqrping Time (sec) >

i 0.00 192600. ,

I 0.95 203400.
I 1.00 210600, '

,

|
,

!
;
I

| ,

I Table 4.4 7.
I Cumulative Distribution Function for TW j

| For the SRV Failure Scenario. |

|
i

!-
! Percentile Warning Time (sec)

0.00 103680.
0.25 131760.
0.50 131760. -

1.00 138960.
,

mw.

F

$

l'

.

!

.

4 21
v
,

-

we- . m __ __ _ _ _ _ _ _ 1rwe'7-w--_. - - r'er___ - __ ..-



.

_ _ .

Table 4.4 8.
Cun2ulat ive Dist ribut ion Funct ion f or TV
For the Scenario Vith Injection Initially

but lat e r le s s o f Itijection and System Pressure
Remaining Either liigh or Low.

_. _ . . _ _ _ - -

EtrIrnLilt Eutning Tim L(frs.1
0.00 28800.
0.25 39960.
O.50 39960.
1.00 47160.

_ _ _ _ _

Table 4.4-9
Cumulative Di st ribut ioti Function f or W

For the Scenario With Inject ion Initially, RI'V Depressurizat lon,
l.ons. of injection, Than System Repressurization.

_ . - _ _ - - _ .

l'rre e nt ilt h'11[ni110 TIRE (8eC1
0.00 28800.
0.25 56880.
0.50 56880.
1.00 64080.

_ _ _ _

;
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represt,urization and the long-term stat ion blackout. calculation performed
with MELCOR and described in Volume 3 of this report. In all of these
scenarios the water level was taken to reach the -129" level approximately
two hours before the start of core damage.

Ext ernal events were also considered; however, all of these scenarios were
covered by the distributions already developed. The short-term fire
scenarion were taken to be similar to the 1.hort-term internal events
scenarios, as were the flood scenarios. The long term and venting fire
scenarios were also taken to be similar to the long-term and vent.ing
internal events. Earthquake scenarios were taken to be similar to either *

the scenario with inj ec tion initially followed by inj ec tion failure and ,

remaining at high or low pressure or the scenario with injection initially
followed by injection failure and system repressurication as appropriate.

FCOR

The probability distributions for this variable were developed by the
: Source Term Expert Patel for NUREG-1150 for WRs and are discussed in
'

detail in that- report.' These distributions were used in the LaSalle
analysis Table 4.4 1. contains the distribution for the high zirer tium
oxidation case while Tabic 4.4-11 contains the distribution for the low
zirconium oxidation case. The probability distributions for all of the
radionuclides were fully correlated for this parameter. That is, the value
of one LilS variable (FCOR) was used to select the same quantile of the

3
'

distributions simultaneously.

FVES

The probsbility distributions for this variable were developed by the
Source Term Expert Panel for NUREG 1150 for WRs and are discussed in
detail in that report.* Three cases were considered by the experts: short-
term st arion blackout with the RPV at system pressure, short-term station
blackout with the RPV at low pressure, and AT'w'S wi th the RPV at system
pressure The high RPV pressure station blackout case was only used to
quantify the source terms for accident progression bins that involved high

; pressure station blackouts. The third case was used to quantify FVES for
non-station blackout accident progression bins that included high pressure
in the RPV. If the RPV vas at low pressure., the station blackout case with
low pressure was used to quant-i fy FVES , Tables 4.4 12, 4.4-13, and 4.4-14

contain the cumulative distributions for each of these c c.s e s . The
probability distributions for all of the radionun11 des were fully
correlated for this parameter.

|

* F. T, lia rpe r , et. al., " Evaluation ci Severe Accident Risks:
Quantification of Major Input Parametersc Expert Opinion. Elicitation on
Source Tern Issues," NUREG/CR-4551. SAND 86-1309, Vol. 2, Rev. 1, Part
4, Sandia National Laboratories, Albuquerque, NM, to be published.
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Table 4.4 10.
y Ctunulative Probability Distributions f or FCOR

for All Radionuclide Groups for the High Zirconium oxidation Case.
__

tercentile tig 1 h It Et Eu La & Es |
0.00 .05 .03 .02 0.0 0.0 0.0 0.0 0.0 -0.0 '

; 0.01 .073 049 .033 3,0E 3 3.0E-5 0.0 0.0 0.0 2.2E-4 '

! 0.05 .17 .13 .0/ .018 2.5E-4 0.0 0.0 0.0 1.2E-3 '

O.25 .56 .34 .26 .071 2.1E 3 5.0E-5 2.0E-5 2.0E 5 4.2E 3 l
0.50 ,90 .74 .59 .15 6.4E-3 4.6E-3 1.0E 4 1.5E-4 8.6E-3

'

O.75 1. .96 .89 .59 .018 .02 1.2E-3 3.0E-3 .03
0.95 1. 1. 1. 91 .52 .081 .032 .085 .52
0.99 1. 1. 1. .99 1. .14 .1 .51 1. '

,

1.00 1. 1. 1. 1. 1. .27 .11 1. 1.
_ _.

,

Table 4.4 11.
Cumulative Probability Distributions for FCOR

For all Radionuclide Groups for the Low Zirconium oxidatton Case. .

__

i PercInt.11r NE 1 h It Er Ru la h ha
0.00 .02 6. 0E-3 5.0E-3 0.0 0.0 0.0 0.0 0.0 0.0
0.01 .033 6.6E-3 5.8E 3 2.9E 3 3.0E 5 0.0 0.0 0.0 1.lE-4
0.0S .084 9.2E-3 9.0E-3 7.3E 3 1.5E-4 0.0 0.0 0.0 2.2E-4

! 0.?S .41 .16 .088 .049 7.6E-4 5,0E-5 2.0E-5 2.0E-5 1.7E-3
0.50 ,90 .69 .59 .14 4.0E 3 2.0E-3 1.0E 4 1.5E 4 6.5E-3,

: 0.75 1. 91 .83 ,46 .013 .012 9.5E 4 2.5E 3 .027
0.95 1. 1. 1. .89 .52 .058 ,021 .085 .52
0.99 1. 1. 1. .98 1. .14 .10 .51 1.
1.00 1. 1. 1. 1. 1. .27 .11 1. 1.

--

. _ _ ..

Table 4.4 12.
Cumulative Probability Distributions for FVES

For All Radionuclide Groups for Short-term Station Blackout
With the RPV at System Pressure.

Percentile MG 1 h 12 EL Eu La f.c ha
0.00 1. O. 0 0.0 0.0 0.0 0.0 0.0 '0,0
0.01 1. 2.0E 5 2.5E-5 1.0E-5 1.0E-5 1.0E 5 1.0E-S 1.0E-5 1.0E-5
0.05 1. 8.0E-5 8.0E-5 5.0E-5 5.0E-S 5.0E 5 5.0E-5 5.0E-5 5.0E-5

. 0 . b b33 b3 b b3 b3 b b
0.75 1. .33 .32 .31 .25 .25 .25 .25 .25
0.95 1. .79 .79 .78 .77 .77 .77 .77 .77
0.99 1. .96 .96 .96 .95 .95 .95 .95 .95
1.00 1. 1. 1. 1. 1. 1. 1. 1. -1.
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Table 4.4-13.
Cumulative Probability Distributions for FVES

For All Radionuclide Groups for Short term Station Blackout
With the RPV at Low Pressuro.

l'e rc ent il e tiG 1 h h EE h lea R h
0.00 1. o. 0 0.0 0.0 0.0 0.0 0.0 0.0

0.01 1. 5.9E-3 3.3E-3 3.3E-3 3.3E 3 3.3E 3 3.3E-3 3.3E 3 3.3E-3
0.05 1. .041 .023 .023 .023 .023 .023 .023 .023
0.25 1. .23 .14 .14 .13 .13 .13 .13 .13
0.50 1. .41 .30 .27 .26 .26 .26 .26 .26
0.75 1. .63 .60 .59 .58 .58 .58 .58 .58
0.95 1. .99 .99 .99 .99 .99 .99 .99 .99
0.99 1. 1. 1. 1. 1. 1. 1. 1. 1. -

1.00 1. 1. 1. 1, 1. 1. 1. 1. 1.

Table 4.4-14.
Cumulative Probability Distributions for FVES

For All Radionuclide Groups for ATVS With the RPV
At System Pressure.

Percentile lig 1 Q h S.I h lea R h
0.00 1. O. 1.0E-5 0.0 0.0 0.0 0.0 0.0 0.0
0.01 1. 8.0E-5 8.0E-5 2.0E-5 2.0E-5 2.0E 5 2.0E-5 2.0E-5 2.0E-5
0.05 1. .018 7.6E 3 1.0E 4 1.0E-4 1.0E-4 1.0E-4 1.0E 4 1.0E 4
0.25 1. .089 .052 4.9E-3 4.8E-3 4.8E 3 4.8E-3 4.8E 3 4.8E-3
0.50 1. .28 .25 .10 .078 .078 .078 .078 .078
0.75 1. .7b .63 .39 .29 .29 .29 .29 .29
0.95 1. .95 .90 .70 .70 .70 .70 .70 .70

-

0.99 1. .99 ,99 .88 .88 .88 .88 .88 .88
1.00 1. 1. 1. .98 .98 .98 .98 .98 .98

_ .
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FCCI

The probability distributions for this variable were developed by the
Source Term Expert Panel for NUREG ll50 for BWRs. Four cases were

'
considered: low z i rc on t urn content in the snelt and a dry cavity, low
z i rc onitun content in the snelt and water over the debris, high zirconium
content and a dry cavity, and high zirconturn content and water over the
debris. The distributions for Grand Gulf were used since the LaSalle
geometry more closely resembles Grand Gulf than Peach Bottom in this r

region. The distributioes for the four cases are shown in Tables 4.4-15,
4.4-16, 4.4-17, and 4.4 18. The probability distributions for all of the
radionuclides were fully correlated for t his parameter.

t

FDCH >

The probability distributions for this variable were developed by the -

Source Term Expert Panel for NUREG IISO for BWRs and are discussed in
i detail that report. Only one case wan considered and is contained in Table

4.4 19. The probability dist ributions for all of the radionuclides were
fully correlated for this parameter.

i

FEVSE

A probability distribution for this variabic was not developed by the
experts; however, nince the phenomenon occurring during a steam explosion
were thought to be nimilar to those occurring during a direct cont a itunent
heating event, the FDCH distribut ion given in Table 4,4-19 was used for
this parameter.4

1

FLTIl

The probability distributions for this parameter were elicited from the
fource Term Expert Panel for NUREG 1150 for BWRs and are discussed in
detail in that report. Two casen were considered: the suppression pool is
subcooled and the suppression pool is saturated. Tables 4.4 20 and 4.4-21
contain these two distributions.

J

FREVO

The probability distributions for this parameter were elicited from the
Source Term Expert Panel for NUREG-1150 and are discussed in detail in that
report. There are three cases: no water injection af ter vessel breach and
a high drywell temperature, no water injection af ter vessel breach and low
drywell temperature, and water injection to the vessel after vessel breach.
The -distributions for the three cases are shovn in Tables 4.4-22, 4.4-23,
and 4.4-24. The probability distributions for all of the radionuclides
were fully correlated for this parameter.

-4-26
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Table 4.4-15.,

Cmaulative Probability Distributions for FCCI i

For All Radionuclide Groups for 1.ow Zircontwn Content in the Molt
And a Dry Cavity.

_

Percentile E 1 h It EI b ld1 ff M
0.00 1. 1. 1. 4.4E 3 0.0 1.0E-9 0.0 0.0 3.0E-5
0.01 1. 1. 1. .012 5.0E-5 1.0E 9 0.0 0.0 1.2E 4
0.05 1. 1. 1. .069 3.1E 4 1.2E 4 1.0E 5 3.0E-5 4.9E-4-

. 0.25 1. 1. 1. .32 2.6E-3 2.4E 9 2.1E 4 3.2E 4 3.2E 3 *

'
O.50 1. 1. 1. .66 .052 5.6E-9 2.2E 3 2.9E 3 .061
0.75 1. 1. 1. .76 .62 5.0E 6 .013 .026 .45
0.95 1. 1. 1. 94 .95 7.3E-3 .086 .18 .88
0.99 1. 1, 1. .99 .99 9.7E-2 .10 .20 .98,

1.00 1. 1. 1. 1. 1. .25 .10 .20 1

Table 4.4 16.
Cumulative Probability Distributions for FCC1

For All Radionuclide Groups for Low 7.irconiurn Content in the Melt
And Water Over the Debris.

4

4

Percentile E 1 Gs Ic Et h La ne h
0.00 1. 1. 1. 1.2E-3 0.0 1.0E 9 0.0 0.0 1.0E 5
0.01 1. 1. 1. 4.8E 3 2.0E 5 1,0E-9 0.0 0.0 8.0E 5
0.05 1. 1, 1. .032 2.7E-4 1.1E-9 0.0 1.0E 5 3. 6E 4
0.25 1. 1. 1. .26 2.0E-3 1.3E-9 1.9E 4 2.6E 4 2.3E 3
0.50 1. 1. 1. .64 .036 1.7E-9 2.1E-3 2.5E-3 .032
0.75 1. 1. 1. .74 .59 1.0E 6 .012 .02 .41
0.95 1. 1. 1, .93 .94 2.5E 3 .084 .17 .87
0.99 1, 1. 1. .99 .99 5.8E 2 .099 .20 .98
1.00 1. 1. 1. 1. 1. .15 .10 .20 1.

Table 4.4 17.
Cumulat.ve Probability Distributions for FCCI

For All Radionuclide Groups for High Zirconiurn Content in the Melt
And a Dry Cavity.

.

Percentile E I Cs Ic Er b La Ce h
0.00 1. 1. 1. 4.4E 3 0.0 1.0E-9 0.0 0.0 3,0E 5
0.01 1. 1. 1. .012 5.0E-5 1.0E-9 0.0 0,0 1.2E-4
0.05 1. 1. 1. .069 3.1E-4 1.2E 9 1.0E 5 3.0E-5 4.9E-4
0.25 1. 1. 1. .40 2.6E-3 2.4E 9 2,1E-4 3.2E-4 3.2E-3

0.50 1. 1. 1. .67 .052 5.6E-9 2.2E 3 2.9E-3 .061
0.75 1. 1 1-. .79 .oS 5.0E 6 .02 .031- .51 ,

0.95 1. 1. .96 .97 7.3E-3 .11 .18 .90
0.99 1. 1. .99 1. 9.7E-2 .15 .20 .98'

1.00 1. 1. 1. 1. 1. .25 .16 .20 1.
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Table 4.4 18.
Ctuoul at i ve Probabilit y Dist ribut ions f or FCCI

for All Radionuclide Groups f or lit r,b Zirconium Cont ent in the Melt.
And Vat er Over the Debris.

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

l'i' frtittilt hG 1 CS 11' EI Rtl lA Ct }bl

0.00 1. 1. 1. 1 ?E-3 0.0 1.0E 9 0.0 0.0 1.0E-5
0.01 1. 1. 1. 4.8E 3 2.0E-5 1.0E-9 0.0 0.0 8.00,-5

0.05 1. 1. 1. .032 ?./E 4 1.1E-9 0.0 1.0E- 5 3. 6E 4
0.25 1. 1. 1. .26 2.0E-3 1.31'.-9 1.90 4 2.6E-4 2.3E-3
0.50 1. 1. 1 .64 .036 1.7E-9 2.lE-3 2.5E-3 .032
0./5 1. 1, 1. .74 .59 1.0E-6 .012 .02 .41

0.95 1. 1. 1. ,93 94 2.5E-3 084 .17 .87

0.99 1. 1. 1. 99 .99 5.80 2 099 .20 .98

1.00 1. 1. 1. 1. 1 .15 .10 .20 1.

_ ____ _ ._ . _ . . . _ _ - ._._ . - . _

Table 4.4-19.
Cumulative prohubil l( y dl'il ribtilions

ton all radionuclide grou, for direct cont ainment heating.

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

litcetttile IM 1 Cs It Et Ru la Cr Ita

0.00 1. .063 063 0.0 0.0 0.0 0.0 0.0 0.0

0.01 1. .15 .15 0.0 0.0 0.0 0.0 0.0 0.0

0.05 1. 50 50 .001 .001 001 001 .001 001

0.25 1. 1. 1. .008 .002 .007 002 .002 .004

0.50 1. 1. 1, .043 .012 .020 011 .01l .012

0.75 1. 1. 1. .600 .030 063 .040 .040 .067

0.95 1. 1. 1. 9/5 .751 .700 .087 .087 .863

0.99 1. 1. 1. 1. 980 900 200 .280 ,980

1.00 1. l. , 1. 1. 1. .9$0 .230 .330 1.

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

Table 4.4-20.
Ctuuulat ive Probabi1it y Dist ribut ion ior Fl.Tl1

For the Subcooled Suppression Pool.
_ _. . . _ _ . _ _ _ _ _ . - _ . _ _ _ . _ _ . - . . _ . _ _ _ . _ _ . . _ . _ . _ _ _ _ _ . ___

ltitruttle mittist Icleluitd
0.0 0.0

0.01 0.0

0.05 0.0

0.25 5.00E-4
0.50 1.55E-3
0.75 .0278
0.95 .085
0.99 .097
1.00 .100

. _ _ _ _ . . - . _ _ _ . _ . . _ . . _ _ _ . . . . _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ . _
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Table 4.4 21.
Cumulative Probability Distribution for FLT11

ror the Saturated Suppression Pool. ,

}

Percentile Fraction released
0.0 0.0
0.01 1.00E 6
0.05 4.06E 5
0.25 9.36E 4
0.50 4.63E-3
0.75 .173 [,

0.95 .759 '

O.99 .950
1.00 1.00'

Table 4,4-22.

Cumulative Probability Distributions for FREVO
For All Radionuclide Groups for the No Vater Injection

Af ter Vessel Breach and a Ilir,h Drywell Temperature Case.
,

Percentile HG 1 h h F.I E11 Idi h aa :
'0.00 1. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

O.01 1. 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0,0

0.05 1. 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
0,25 1. .03 .001 0.0 0.0 0.0 0.0 0.0 0.0
0,50 1, .115 051 0,0 0,0 0,0 0.0 0.0 0.0 ;

0.75 1. .306 .132 .024 0.0 0.0 0.0 0.0 0.0
0.95 1. .557 .284 ,224 0.0 0.0 0.0 0.0 0.0
0,99 1, 800 .535 413 0.0 0,0 0,0 0.0 0.0

,

1.00 1, 1. .750 .800 0.0 0.0 0.0 0.0 0.0 j
.

Table 4.4-23.
Cumulative Probability Distributions for FREVO

For All Radionuclide Groups for- the No Vater Injection
After Vessel Breach and a Low Drywell Temperature Case.

._

Percentile HG 1 .C.g h SI Eu .La En. Ha
0.00 1. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.01 1. 0.0 0.0 0,0 0,0 0.0 0,0 0.0 0.0
0,05 1. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0,25 1. .03 .001 0.0 0.0 0.0 0.0 0,0 0.0
0.50 1. .114 .050 0.0 0.0 0.0 0.0 0.0 0.0
0.75 1. .261 .122 .024 0,0 0.0 0.0 0.0 0.0
0.95 1. .486 .236 ,209 0.0 0.0 0.0 0.0 0.0
0.99 1. 800 .438 413 0.0 0.0 0.0 0.0 0.0
1.00 1. 1. .750 .800 0.0 0.0 0.0 0.0 0.0
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Tabic 4.4-24.
;

Ctuoul a t ive l'robability Dist ribut f orm for I'REVO'

.

For All Radionuclide Groups for the Water Injection
After Vest.el Breach Case,'

fxIsr.ttult BI 1 Cli It h IW La Ce h
0.00 1. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.01 1. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 1, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.25 1. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.50 1. .03 .001 0.0 0.0 0.0 0.0 0.0 0.0

0.75 1. .117 .061 .024 0.0 0.0 0.0 0.0 0.0
0.95 1. .439 .200 .209 0.0 0.0 0.0 0.0 0.0

0.99 1. .800 .287 .413 0.0 0.0 0.0 0.0 0.0

1.00 1. 1. .750 .800 0.0 0.0 0.0 0.0 0.0
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RBDP

i i
The probability dist ributions for this parameter were elicited for Peach .

| Bottom from the Source Term Expert Panel for NUREG - 11 'f) . Based on the |
similarity of the laSalle and Peach Bottom reactor building and on the |

characteristics used by the experts in their discussions to derive these i

distributions, it was decided that the peach Bottom distributions were
valid for haSalle. Four cases were considered: drywell rupture and
suppression pool subcooled, drywell rupture and suppression pool saturated,
drywell head seal leak and suppression pool subcooled, and drywell head'

seal leak and suppression pool saturated. In the IASSOR code, the reactor

building DF used for all drywell head failures corresponds to the drywell;

head seal leak cases since the releanes would pass only through the
refueling bay. All other contaitunent failures (i.e., drywell and wetwell
failures) resulted in the use of the reactor building DF's for the drywell
rupture cases since the releases would have to pass through comparabic
portions of the reactor building to be released to the nv i rotune nt . The

,

distributions for these cases are shown in Tables 4.4 25, 4.4-26, 4.4 27,

and 4.4-28. The probability distributions for all of the radionuclid9s
were fully correlated for this parameter.

FCONV

The probability distributions for this parameter were developed by the
Source Term Expert Panel for NUREG-1150 for the LaSalle plant and are
discussed in detail in Appendix C of this report Seven cases were
addressed: carly containment: leak with a subcooled suppression pool, early
containment leak with a saturated suppression pool, early rupture with a
suucooled pool, early rupture with a saturated pool, late containment leak,
late containment rupture, and no conta ituw nt failure. The values for the
late leak and late rupture cases were assumed to be the same as the values
for these cases for FCONC since only one expert addressed these cases. In

the context of this parameter, early is before or at vessel breach and late
is af ter vessel breach. The distributions are shown in Tables 4.4-29,
4.4 30, 4.4-31, 4.4-32, 4.4 33, 4.4 34, 4.4 35. The probability
vistributions for all of the radionuclides were fully correlated for this
yr.rameter.

f

FCONC

The probability distributions for this parameter were developed by the
'

| Source Term Expert Panel for NUREG-1150 for the LaSalle plant and are
I discussed in detail in Appendix C of this report. Seven cases were

addressed: carly containment _ leak with a subcooled suppression pool, early
containment leak with a saturated suppression pool, early rupture with-a
subcooled pool, early rupture with a saturated pool, late containment leak, ,

late containment rupture, and no contairunent failure. The values for the
late Icak and late rupture cases were assumed to be the same as the values
for these cases for FCONV since only one expert addressed these cases. In

the context of this parameter, early is before or at vessel breach and lato
is af ter vessel breach. The distributions are shown in Tables 4.4 36,

4.4-37, 4,4-38, 4.4 39, 4.4-40, 4.4-41, and 4.4 42. The probability
distributions for all of the radionuclides were fully correlated for this

parameter.
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Table 4.4 25.
Cumulative Probability Distributions for R8Dr.

For All Radionuclide Groups for the Drywell Rupture
With a Subcooled Suppression Pool Case.

fercentile l!G 1 Cs It h Eu la ft h
0.00 1. 1. 1. 1. 1. 1, 1, 1, 1.
0.01 1. 1.04 1.04 1.06 1.06 1.06 1.06 1.06 1.06
0.05 1. 1.1 1.1 1.11 1.11 1.11 1.11 1.11 1.11
p.25 1 1,41 1.41 1.48 1.48 1.48 1.48 1.48 1.48
0.50 1. 2.3 2.3 2.62 2.62 2.62 2.62 2.62 2.62
0.75 1. 4,28 4.28 4.91 4.91 4.91 4.91 4.91 4.91
0,95 1. 9.88 9.88 10.2 10.2 10.2 10.2 10.2 10.2 ,

0.99 1. 56. 56. 64 64. 64. 64. 64. 64.
~

1.00 1. 470. 470 507. 507. 507. 507. 507, 507.

Table 4.4-26.
Ctuoulative Probability Distributions f or REDF

For All Radionuclide Groups for the Drywell Rupture i

With a Saturated Suppression Pool Case.

. .. .

percentile lig 1 h Ic h By la ge h,

0.00 1. 1. 1, 1. 1. 1. 1, 1. 1,

0.01 1, 1.04 1.04 1.06 1,06 1.06 1.06 1.05 1.06.

0.05 1. 1.14 1.14 1.13 1.13 1.13 1,13 1.13 1.13
'

i 0.25 1, 1,67 1.67 1.56 1,56 1,56 1.56 1,56 1.56
O.50 1. 2.84 2.84 2.61 2.61 2.61 2.61 2.61 2.61
0.75 1. 4.94 4.94 5,48 5.48 5.48 5.48 5.48 5.48
0.95 1. 10.9 10.9 12.8 12.8 12.8 12,8 12.8 12.8
0.99 1. 77. 77. 82, 82. 82. 82. 82. 82,

1.00 1. 428, 428, 461. 461. 461. 461. 461. 461.

Table 4.4-27,

Cumulative probability Distributions for RBDF
'For All Radionuclide Groups for the Dryvell Head Seal 1.eak

With a Subcooled Suppression Pool Case.
_

Percentile li2 1 CE le R Eu la ft b
0.00 1. 1. 1, 1. 1, 1. 1. 1, 1.
0,01 1. 1. 1, 1. 1. 1, 1. 1. 1.

, 0.05 1. 1.02 1.02 1.02 1.02 1.02 1,02 1.02 1,02
' O.25 1. 1.10 1 10 1.10 1.10 1,10 1.10 1.10 1.10

0.50 1. 1.35 1.35 1,40 1.40 1.40 1.40 1.40 1.40
|
i 0,75 1. 1.73 1,73 1.88 1,88 1,88 1.88 1.88 1,88

0,95 1. 6.65 6.65 6.65 6.65 6.65 6.65 6.65 6.65
0.99 1. 9.63 9.63 9,63 9.63 9.63 9.63 9.63 9.63
1.00 1, 36, 36. 36. 36. 36, 36 36. 3 6..
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Table 4.4 28.
Cumulative Probability Distributions for RBDF

For All Radionuclide Groups for the Drywell licad Seal Leak
With a Saturated Suppression Pool Case.

Percentile NQ 1 Ca h SI h la [g h,

0.00 1. 1. 1. 1. 1. 1. 1. 1. 1.
0.01 1. 1. 1, 1. 1. 1. 1. 1. 1.
0.05 1. 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
0.25 1. 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
0.50 1. 1.46 1.46 1.48 1.48 1.48 1.48 1.48 1,48

0.75 1. 2.17 2.17 2.57 2.57 2.57 2.57 2.57 2.57
0.95 1. 6.65 6.65 6,65 6.65 6.65 6.65- 6.65 6.65
0.99 1. 9.63 9.63 9.63 9.63 9.63 9.63 9.63 9.63
1.00 1. 36, 36. 36. 36. 36. 36. 36. 36.

i

Table 4.4 29.
Cumulative Probabliity Distributions for FCONV
ror All Radionuclide Groups for the Early Leak

With a Subcooled Suppression Pool Case.

,

Percentile fig 1 Q h h h la [g h
0.00 1. 001 .001 .001 .001 .001 001 .001 .001-
0.01 1. .005 .005 -005 .005 .005 .005 .005 .005,

0.05 1. 017 017 .017 .017 .017 .017 .017 .017- +

0.25 1. .119 .119 .119 .119 .119 .119 .119 .119
0.50 1. .248 .248 .248 .248 .248 .248 .248 .248
0.75 1. .464. 464 .464 464 .464 .464 .464 464-

0.95 1. 688 .688 .688 .688 .688 .688 .688 .688
0.99 1. .792 .792 .792 .792 .792 .792 .792 .792
1.00 1. .991 .991 .991 .991 .991 .991 .991 .991

Table 4.4 30.
Cumulative Probability Distributions for FCONV

.

For All Radionuclide Groups for t.ho Early Leak
| With a Saturated Suppression Pool Case.

.

fercentile HQ 1 3 Le R h la Qc h
0.00 1. .004 -004 .004 .004 .004 .004 .004 004

i .

| 0.01 1, 012 .012- .012- ,012 012 .012 .012 .012

| 0.05 1. .040 .040 ,040 .040 .040 .040 .040 ,040

0.25 1. .160 .160 160 .160 .160 .160 .160 .160-
0.50 1, .284 .284 .284 .284 .284 .284 .284 -284.

0.75 1. .492 .492 .492 .492 .492 .492- .492 .492
0.95 1. .717 .717 .717 7 117 .717 .717 .717- 717

-0.99 1. .837 ,837 .837 .83? .837 .837 .837 .837
1.00 1. .991 .991 991 .991 .991 .991 .991 .991
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| Table 4.4-31.
Cumulative Probability Distril.utions for FCONV

For All Radionuclide Groups for the Early Rupture ,

With a Subcooled Suppret.slon Pool Case.
- - - - . .

Percentilt EG 1 h It Sr b igt .Ct h
0,00 1. .010 .010 .010 .010 010 .010 .010 .010
0.01 1. .100 .100 .100 .100 .100 .100 .100 .100
0.05 1. .222 .222 .222 .222 .222 .222 .222 .222
0.25 1. .4995 4995 .4995 .4995 .4995 .4995 .4995 4995
0.50 1. .721 .721 .715 .715 .715 .715 .715 .715
0.75 1. .8635 .8635 .842 .842 .842 .842 .842 .642
0.95 1. .959 .959 .959 .959 .959 .959 .959 .959
0.99 1. .988 .988 .988 .988 .988 .988 .988 .988 -

1.00 1. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

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

Table 4.4-32.
Cumulative Probability Distributions for FCONV

For All Radionuclide Groups for the Early Rupture
With a Saturated Suppression Pool Case.

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

l'tICn n it EG 1 h It SI. b la fr b
0.00 1. 026 .026 .026 .026 .026 .026 .026 .026
0.01 1. .160 .160 .160 .160 .160 .160 .160 .160 ,

0.05 1. .279 .279 .279 .279 .279 .279 .279 .279
0.25 1. .5375 .5375 .5375 .5375 .5375 .5375 .5375 .5375
0.50 1. .753 .753 .737 .737 .737 .737 .737 .737
0.75 1. .8965 .8965 .881 .881 .881 .881 .881 .881
0.95 1. .979 .979 .979 .979 .979 .979 979 .979
0.99 1. .995 .995 .995 .995 .995 .995 .995 995

1.00 1. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Table 4.4-33.
Cumulative Probability Distributions for FCONV

For All Radionuclide Groups for the I. ate 1,eak Case.

-- -- -
-

f.ere<n'|1lt EG 1 Q In EI h 1d1 Cr. lla
0.0C 1. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.01 1. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 1. 0.00 0.00 .001 .001 .001 .001 .001 .001
0.25 1. .006 .006 .013 .009 .013 .009 .009 .009
0.50 1. .036 .036 .058 .045 .058 ,045 .051 ,051

0.75 1. .096 .096 .119 .102 .119 .102 .115 .115
0,95 1. .174 .174 .281 .1 .281 .241 .260 .260
0.99 1. .260 .260 ,459 -u l .459 .441 452 .452
1.00 1. ,474 474 .538 .495 .538 .495 .496 .496
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Table 4.4 34 |

Cumulative Probability Dist.ributions for FCONV
for All Radionuclide Groups for the Late Rupture Case.

Percentile E 1 ,Q.g Ic Er - En La Cg Eg
0.00 1. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.01 1. 0.00 0.00 .001 .001 .001 .001 .001 .001
0.05 1. .001 .001 .003 .003 .003 .003 .003 .003
0.25 1. .015 .015 .036 .020 .036 .020 .020 .020
0.50 1. .076 .076 .104 .093 .104 .093 .093 .093
0.75 1. .183 .183 .256 .225 .256 .225 .225 .225
0.95 1. .331 .331 .755 .750 .755 .750 .750 .750
0.99 1. .430 .430 .911 .911 .911 .911 .911 .911

)1.00 1. 464 .464 .947 .947 .947 947 .947 .947 i

Table 4.4-35. 1

Cumulative Probability Distributions for FCONV
i

For All Radionuclide Groups for the No Contairunent- Failure Case. ;

|

Percent 11e E 1 f.a It EE Rg La Cr En r

0.00 0.005 1.0E-6 1.0E-6 1.0E-6 1.0E-6 1.0E-6 1.0E 6 1,0E 6 1.0E 6
,

0.01 0.005 -1.0E 6 1.0E 6 1.0E-6 1.0E-6 1.0E-6 1.0E-6 1.0E 6 1.0E-6
0.05 0.005 1.0E-6 1.0E.6 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E 6 1.0E-6
0.25 0.005 1.0E-6 1.0E-6 1. 0E- 6 1.0E 6 1.0E 6 1.0E-6 1.0E 6 1.0E-6
0.50 0.005 1,0E 6 1.0E-6 1.0E 6 1.0E-6 1.0E 6 1.0E 6 1.0E-6 1.0E 6

'
0,75 0.005 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E 6 1.0E-6 1.0E-6 1.0E 6 i

0.95 0.005 1. 0E- 6 1. 0E- 6 1.0E 6 1.0E-6 1.0E-6 1.0E-6 1.0E 6 1.0E 6
0.99 0,005 1.0E-6 1.0E-6 1.0E 6 1.0E-6 1.0E 6 1.00-6 1.0E 6 1 0E 6
1.00 0.005 1.0E-6 1.0E-6 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E-6 1.0E 6

Table 4,4 36.

Cumulative Probability Distributions for FCONC
For All I aalonuclide Groups for the Early Lenk

With a Subcooled Suppression Pool Case.

Percentile E I C3 In Er Ru La Ca ha
0.00 1. .001 .001 .001 .001 .001 .001 .001 .001
0,01 1. .017 .017 .005 .005 .005 .005 .005 .005;

0.05 1. 039 .039 .016 .016 .016 .016 .016 .016
0.25 1. .116 .116 .092 .092 092 .092 .092 .092
0.50 1. .274 ,274 .243 .243 .243 .243 .243 .243 *

0.75 1. .464 .464 .430 .430 .430 .430 .430 .430
0.95 1. .689 .689 .689 .689 .689 .689 .689 .689
0.99 1. .800 .800 .800 .800 ,800 .800 .800 .800
1.00 1. .991 991 .991 .991 .991 .991 .991 .991
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Tabic 4.4-37.
Cuniul a t ive Probability Distributions ior FCONC
For All Radionuclide Groups f or the Early leak

With a Saturated Suppression Pool Case
_ _._ _.,._. .-...._ _____ __.

frrnnLLlr tiG 1 O h St Ru La Et ha
0.00 1. .004 .004 .004 .004 .004 .004 .004 .004
0.01 1. .012 012 .012 .012 .012 ,012 .012 .012
0.05 1. .038 .038 .030 .030 .030 .030 .030 .030
0.25 1 .151 .151 .121 .121 .121 .121 .121 .121
0.50 1. .286 .286 .261 .261 .261 .261 .261 .261
0.75 1. 490 .490 .459 459 459 .459 459 .459
0.95 1. .721 .121 .721 .721 .721 .721 .721 .721
0.99 1. .852 .852 .852 .852 .852 .852 .852 .852 _

l.00 1. .982 .982 .982 .982 982 .982 .982 .982

.._.._ __._.._ _-_._._ _ _

rable 4.4-38.
Cumulative Probability Distributions for PCONC

For All Radionuclide Groups for the Early Rupture
With a Subcooled Suppresalon Pool Case.

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

Dacrntile 11 9 1 & h Er Ru La Et En
0.00 1. 010 010 .011 .010 .010 .010 .010 .010
0.01 1. .100 .100 .040 040 .040 .040 .040 .040
0.05 1. .225 .??5 .163 .163 .163 .163 .163 .163
0.25 1. .515 .515 .460 .460 .460 .460 .460 .460
0.50 1. .737 .737 .712 .712 .712 .712 .712 .712
0.75 1. .862 .862 .838 .838 .838 .838 .838 .838
0.95 1. ,957 .957 457 957 .957 .957 .957 .957
0.99 1. .987 .987 .987 ,987 .987 .987 .987 .987
1.00 1. 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00 -

_ _

Table 4.4-39.
Cumulative Probability Distribut. ions for FCONC

For All Radionuclide Groups f or the Early Rupture
With a Saturated Suppression Pool Case.

.-. _

Er reent ile EG 1 L h Er Ru La Ct ha
0.00 1. .026 .026 .011 .011 .011 .011 .011 .011
0,01 1. .156 .156 .041 .041 .041 .041 .041 .041
0.05 1. .272 272 .158 .158 .158 .158 .158 .158
0.25 1, .532 .532 .478 .478 478 478 .478 .478
0.50 1. .750 .750 .706 .706 .706 .706 .706 .706
0.75 1. .887 .887 .870 .870 .870 .870 .870 .870
0.95 1. .975 .975 .975 .975 975 .975 .975 .975
0.99 1. .995 .995 995 .995 .995 .995 995 .995
1,00 1. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

_.._.-__ _ _ _ _ _ -_
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Table 4.4-40.
'Cwnulative Probability Distributions for FCONC

For All Radionuclide Groups for the 1. ate Leak Case. j
'

>

Percentile EQ 1 Q h h h La h- M>

0.00 1. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.01 1. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 1. 0.00 0.00 .001 .001 .001 .001 .001 .001
0.25 1. .006 .006 .013 .009 .013 009 .009 .009 *

.

0.50 1. .036 .036 .058 .045 .058 045 .051 .051.

0.75 1. .096 .096 .119 .102 .119 102 .115 .115 ;.

0.95 1. .174 .174 .281 .241 .281 241 .260 .260 '

.

O.99 1. .260 .260 .459 .441 .459 441 .452 .452.

1.00 1. .474 .474 .538 .495 .538 495 .496 .496.

.

Tabic 4.4 41. >

Cumulative Probability Distributions for FCONC
For all Radionuclide Groups for the Late Rupture Case.

_--_

Percentile EG 1 h TI h h La h h i

0.00 1. 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00
t0.01 1. 0.00 0.00 .001 .001 .001 001 .001 .001.

0.05 1. .001 .001 .003 .003 .003 003 003 .003.

0.25 1. .015 .015 ,036 .020 .036 020 .020 .020,

0.50 1. ,076 .076 .104 .093 .104 093 .093- .093.
'

i 0.75 1. .183 .183 .256 .225 .256 225 .225 .225.

O.95 1. .331 .331 .755 .750 .755 . 750 .750 .750
0.99 1. .430 .430 .911 .911 .911 911 .911 .911.

1.00 1. .464 .464 .947 .947 .947 . 947 .947 .947 '

Table 4.4 42.
Cmuulative Probability Distributions for FCONC

For All Radionuclide Groups for the No Containment Failure Case.
,

fercentile EG 1 Q h SI h 141 & h
0.00 0.005 1.0E 6 1.0E-6 1.0E-6 1.0E-6 1.0E-6 1.0E 6 1.0E-6 1.0E 6
0.01 0.005 1.0E 6 1.0E-6 1.0E 6 1.0E-6 1.0E-6 1.0E 6 1.0E-6 1.0E 6
0.05 0,005 1.0E 6 1.0E 6 1.0E-6 1.0E 6 1.0E 6 1.0E-6 1.0E-6 1.0E-6
0.25 0.005 1.0E-6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6
0.50 0.005 -1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E 6
0.75 0.005 1.0E-6 1.0E-6 1.0E 6 1.0E-6 1.0E 6 1.0E-6 1.0E 6.1.0E 6
0.95 0.005 1.0E 6 1.0E 6 1.0E-6 1.0E-6 1.0E 6 1.0E 6 1.0E-6 1.0E-6
0.99 0.005 1.0E-6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E-6 1.0E 6
1.00 0,005 1.0E-6 1.0E-6 1.0E 6 1. 0 E r, - 1,0E-6 1.0E 6 1.0E 6 1.0E-6

__
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DFVPA |
!

The probability distribution for this parameter was taken to be the same as
that of Grand Gulf 3 since the water depth above the SRV T-quencher at !

haSalle (24') is closer to th.t at Grand Gulf (15') than at Peach Bottom
(10'). Only one case was considered and the cumulative probability !

distribution for this case is shown in Table 4.4 43. The probability ,

distributions for all of the radionuclides were fully correlated for this
parameter.

DFCPA

The probability distribution for this parameter was taken to be the same as
that of~ Crand Gulf since the water depth above the downcomers at LaSalle

(12') is closer to that at Grand Gulf (7') than at Peach Bottom (4'). Only
one case was considered and the cumulative - probability distribution for
this case is shown in Table 4,4-44. The probability distributions for all3

of the radionuclides were fully correlated for this parraeter.

DFCAV
t

The probability distribution for this parameter is the same as that used in
-

the Peach Bottom analysis which was modified from that in the draft report
of the Grand Gulf analysis.$ Only one case was considered: the reactor
cavity is flooded with a continuous supply of water. This decontamination
factor was applied to t.he release fraction for the after vessel breach
releases, Table 4.4 45 cont ains the cumulative probability distributions
for this parameter. The probability distributions for all of the
radionuclides were fully correlated for this parameter.

DFSPRV

The probability distributions for this parameter are the same as that used
in the Peach Bottom analysis which was was modified from the draf t report
of the Surry analysis.' The possibility of saturated sprays was
considered; however, the primary facte in determining the spray DF is
whether the sprays are operating, not the temperature of the water. The-

current distribution was believed to include the possibility of saturated
sprays. Therefore, separate cumulative probability distributions were not
used for saturated and subcooled sprays. The cumulative probability
distribution for this parameter is shown in Table 4.4 46. The probability
distributions tor all of the radionuclides were ft.11y correlated for this
parameter.

FLTI2

The probability distribution for this parameter was developed by the Source
Term Expert Panel for NUREG-1150 and are . discussed in de t.a il in that
report. In the clicitation only two cases were consideredt the reactor
cavity is dry and there is replenishabic water over the debris. llowever,''
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Table 4.4-43.
'

Cumulative Probability Distributions
For All Radionuclide Groups for DFVPA.

_

rercentLlr EG 1 f3 It 2 En la Ce h
0.00 1. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.01 1. 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
0.05 1. 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
0.25 1. 16. 16 16. 16. 16. 16. 16. 16.
0.50 1. 56. 56. 56. 56. 56. 56. 56. 56.
0.75 1. 180. 180. 180. 180. 180. 180. 180. 180.
0.93 1. 2500. 2500. 2500. 2500. 2500. 2500. 2500. 2500.
0.99 1. 4300. 4300. 4300. 4300 4300. 4300. 4300. 4300.
1.00 1. 5000. 5000. 5000. 5000 5000. 5000. 5000. 5000. -

_

Table 4.4 44.
Cuniul a t ive probability Distributions
For All Radionuclide Groups for DFCPA.

__

Percent 11e EG 1 Cs le h h la Et h
0.00 1. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.01 1. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.05 1. 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.9
0.25 1. 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
0.50 1. 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.3
0.75 1. 20. 20. 20, 20. 20. 20. 20, 20.
0,95 1. 72. 72. 72. 72. 72. 72. 72. 72.
0.99 1. 94. 94. 94. 94. 94 94 94. 94.
1.00 1. 100. 100. 100. 100. 100. 100. 100. 100.

Table 4.4-45.
Cumulative Probability Distributions
For All Radionuclide Groups for DFVPA.

__
-_ -- _

Percentile tiG 1 Cs In R b la Et M
0.00 1. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.01 1. 1.0 1.0 1.0 1.0 1.0 1,3 1.0 1.0
0.05 1. 1.1 1.1 1,1 1.1 1.1 1.1 1.1 1.1
0.25 1. -2 . 0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
0.50 1. 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
0.75 1. 11. 11. 11. 11. 11. 11. 11. 11.
0.95 1. 41. 41. 41. 41. 41. 41. 41. 41.
0.99 1. 65. 65. 65. 65. 65. 65. 65. 65.
1.00 1. 73. 73. 73. 73. 73. 73. 73. 73.

. - . .
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Table 4.4-46.
Cumulative Probability Distributions

For All Radionuclide Groups for DFSPRV.

Percentile lig 1 Eg In Er gg la gn Eg:

0.00 1. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.01 1. 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
0,05 1. 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 j
0.25 1. 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

'

0.50 1, 11. 11. 11. 11. 11. 11, 11. 11,,

'

O.75 1. 29. 29. 29. 29. 29, 29. 29. 29.
0.95 1. 78. 78. 78. 78. 78. 78. 78. 78. ,

0.99 1, 95. 95. 95. 95, 95, 95, 95. 95. !
i

1.00 1. 100. 100. 100. 100, 100. 100. 100. 100.

.

I

o

r

!
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,

because of the size of the reactor cavity at 1.aSalle, a replenishable water
supply implies that the cavity water will overflow into the suppression !

pool and can then be used for sprays or inj ec t i on . This means the '

conditions in the cavity (i. e., the concentration of radionuclides) will
be very similar to those in the suppression pool if there is a
replenishabic water supply. Three cases were used for the LaSalle

,'analysis: the reactor cavity is dry, the suppression pool is subcooled, and
the suppression pool is saturated. For the first case, the Source Term
Expert Panel c11 citation was used and in shown in Table 4.4 47. The other

i two cases use the same distributions as FLTIl and are shown in Tables i

4.4-20 and 4.4 21.

DFSPRC

The probability distributions for this parAncter were modified from the
draft report of the Surry analysise and are the same as those used in the
Peach Bottom analysis. The possibility of saturated sprays was considered;
however, the primary factor in determining the spray DF is whether the
sprays are _ operating, _not the temperature of the water. The current
distribution was believed % include the effect of saturated sprays,
Ther e fore , separate cumulative probability distributions were not used for i

saturated and subcooled sprays. The cumulative probability distributions
for this parameter are shown in Tabic 4.4 48, The probability
distributions for all of the radionuclides were fully correlated for this
parameter.

4.4.3 Non Sampled Variables

4.4.3.1 Introduction

Several parameters were included in the source term analysis as best
estimates rather than being sampled, including the energy rerease rates
during an accident and the timing of the release of radioactive material.
These parameters are described and the quantification sources discussed in;

this section.

4.4.3.2 Energy Release Rates

The rate of energy release depends on several factors including ' the *

accident scenario,- whether a containment rupture or leak has occurred,
whether venting has occurred, and whether or not DCH has occurred. The
cases considered for laSalle are:

-1. short-term scenario with a ruptured containment,

-2. short term scenario with containment leakage,
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Table 4.4-47.
Cumulative Probability Distribution
For the Dry Cavity Case for-FLT12.

Percentile Fraction Released |
0.00 1.00
0.01 1.00
0.05 1.00
0.25 -1.00
0. N 1.00
0.<_ 1;00

0.95 1.00
0.99 1.00
1.00 1.00

Table 4.6-48.
. Cumulative Probability Distributions

For all Radionuclide Groups for DFSPRC.-

Percentile tN 1 f_E T1 Er lhi La .C1 - ha
0.00 1. 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1.0
0.01 1. 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
0.05 1. 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
0.25 1. 7.8 7.6 7.8 7.8 7.8 7.8 7.8 7.8
0.50 1. 17. 17. 17. 17. 17, 17, 17. 17.
0.75 1. 29. 29. 29. 29. 29. 29. 29, 29.
0.95 1, 480. 480. 480. 480. 480. 480. 480, 480,-

0.99 1. 860. 860. -860. 860. 860. -860. 860. 860.
1.00 1, 1000. 1000. 1000. 1000. 1000 1000. 1000. 1000. '

s

.- j

|

|

4- i2
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3. scenarios with injection initially working followed by failure
of injection with a ruptured containment,

4 scenarios with injection initially working followed by failure
of injection with containment leakage,

S. long-term scenarios,

6 ATWS scenarios,

7. a scenario with no containment heat removal; however, low
pressure injection is operating which results in a high enough
containment pressure to result in reclosure of the SRV's, thus
repressurizing the primary system which results in failure of
the low pressure injection systems to cool the core, thus
leading to core damage, and

8. a scenario with venting before vessel breach.

In addition to these cases, extra energy was released if a DCH event
occurred. The following paragraphs document the source and derivation of
the various enerby release rates for the scenarior described above.

The short-term accident release rates were based on short-term station
blackout calculations performed with the MELCOR code and described in
Volume 3 of this report. Although calculations were performed with ADS
working and iailed (i.e., low and high RPV pressure), the resulting energy
release rates were not significantly different; therefore, the energy
release rates were not differentiated on the basis of RPV pressure.
Calculations with varying containment failure sizes did result in a
difference, the release rates were, therefore, differentiated on the basis
of failure size (leak or rupture). t.lso, only two release segments are
necessary to characterize the release for these accidents since the
contai tune nt does no fail before vessel breach.

The actual value of tne energy release rates was determined by dividing the
total energy increase to the er ironmental Volume in the MELCOR model by
the duration of the release. rabic 4.4-49 contains the energy release
rates for the short-term accident scenarios.

Table 4.4-49.
Energy Release Rates for the Short-term Accident Scenarios

For Containment Rupture and Containment Leakage.

Failurr Release Phase
Iypr first Release M Second Release E).
Rupture 7.28E8 3.00E8
Leak 4,89E8 1.25E8

_.
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Scenarios with inject ton initially working followed by f ailure of injection.

' were further divided into two scenarios: (1) t.h e RPV either was
depressurized during the injection phase and remained at low pressure or
was not depressurized and remained at high pressure , or (2) the RPV wan
depressurized - during the injection phase and repressurized followl 9

injection failure The energy release rates for both scenarios were
assessed to be the same and are based on the intermediate station blackout
calculation performed with the tiELCOR code ,- describod in Volume 3 of this
report, in which the RPV repressurized following inject ion failure, This
calculation included conta nment rupture, therefore, it was necessary to8 '

use the rat io of the short-term cont ainment rupture and containment. leakage
energy release rates to determine the energy release rates for the
containment leakage cases. Only two release rates were necessary since the
containment does not fail before vessel breach. Table 4.4 50 contains the
two energy release rat es for t his scenario.

The energy release rates for long-term scenarios were based on the long-
term station blackout calculation performed with ttELCOR and described in
Volume 3 of this report The containment failed by rupture in the
calculation. Because of the slow nature of this accident, ruptures and
leaks were not differentiated in the release ratea, since the difference
between ruptures and leaks, in this time frame, were assessed to be
insignificant to risk. In contrast to the two previous accident-scenarios,
three release phases are necessary to characterize the release during the,

long-term accident since the containment f ails before vessel breach. Table
4,4-51 contains the energy release rates for the long-term scenarios.

The release rates for the ATWS scenarios were based on those for the long-
term accident scenarios because the containment conditions are similar
(e.g suppression pool is saturated) although the decay heat is . much,

higher than in the long- term sceaarios . To compensate for the difference
in decay heats, the release rates for the long-term scenarios were
multiplied by the ratio of the decay heat at the beginning of the release
for the ATWS scenario to the decay heat at the beginning of the release for
the long-term scenario. Table 4.4-52 contains the release rates for the.

ATWS scenarios.

The same ratioing technique was used to determine the release rates for the
scenario with no containment heat removal, lloweve r , since low pressure

i nj ec t i on is operating in this scenario, the conrainment continues to
pressurize until the SRVs reclose The primary system repressurizes which
fails the low pressure injection system for both_ the ruptured containment
and containment leakage cases The release rates from the scenarios with |
injection initially working and then later failing were used as the basis.

'

Since containment does not fail before vessel breach, only two releases are
specified. Table 4.4-53 contains the release fractions for this scenarlo.

The release ra t.e s for the scenarlos with venting before-vesso) breach were
a ATWS release rates were; by ratioing the decaydetermined exactly at

heats at the times i testion and using the long-term calculation as a
basis. Table 4.4-54 contains these release rates.

'
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Table 4.4-50.
Energy Release Rates for the Accident Scenarios
With Injection Initially Operating Followed by-

Injection Failure For Containment Rupture
And Containment Leakage.

Failure Release Pham
Type 'First Release (X). Second Release ,(W1.

_

Rupture 4.44EB 3,18E7

Leak '2.98E8 1.32E7

,

Table 4.4-51.
Energy Release Rates for the Long-terra Accident -Scenarla.

P.elease Phase
First Release (W) Second Release (W) Third Release (W)
7.15E6 1.26E7 1.66E7

. Table 4.4-52.
'- Energy Release Rates for the ATWS Accident Scenario.

Release Phan
first Release (W) Second Release (W) Third Release (W)

2.00E7 3.53E7 4.65E7

Table 4.4-53.
Energy Release Rates for the Accident Scenarios With

No Containment Heat Removal and Low Pressure Injection Initially.

Failure Release Phase
Tyrt First Release (W) Eecond Release LW,1
Rupture 5.64E8 4.04E7

j Leak 3.79E8 1.68E7

Table 4.4-54.
Energy Release Rates for the Venting Accident Scenario.

1

Release flan
First Release (W) Second Release (W) Third Release (W)

9.37E6 1.65E7 2.17E7
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In_addltion to the above release rates dependence on accident scenario and
c ont a i sunent failure mode ,' 'the energy release due to a DCil event was--
assessed, The energy released . during a DCil event was thought to-be
important i only if ite caused containment failure. Therefore ,- the energy
necessary to increase the containment pressure to the median containment
failure pressure-(195 psig) was calculated. This amount of. energy was then
divided by-the puff duration (15 minutes) to determine the energy release
rate due_ to DCil . The puff duration was taken - t o -- he consistent with the

assumptions used in analyzing t he ' NUREG-ll50 plant s. This value is
2.22E407 W.

4.4.3.3 Relense-Times

The release timing was determined for the same accident scenarios for which
warning time distributions were developed, These scenarios include ATVS
with and without successful venting, short-term scenarios, scenarios wit.h
inj ec t ion available initially followed by inj ec tion failure wit.h the RPV
either remainine, at high pressure, remaining at low pressure, or
repressurialng foilowing the injection faflure, venting before vessel
breach scenarios, scenarios with no containment heat removal although low
pressure i nj e c t i on is available until the containment pressure !s-high
enough to fall the SRV's resulting in low pressure injection failure,. and
long term scenarios. For most of these scenarios, containment failure can
occur at various times duiing t.he accident. This section describes the
basis for the assigned relcase t.imes for the various scenarios.

First Release

The first release for an ATWS scenario will begin when the containment
falls or 19 vented. A detailed discussion of the containment failure time
is included in section 4,4.2.3. The first release begins at 3530 seconds
for an ATWS scenario - with successful venting and at 6175 seconds for an
ATWS scenario without successful venting. The duration of the first
release was assessed to be 9720 seconds which is the time from core damage. +

to vessel breach in the short-term station blackout without-ADS calculation-
performed with t he MELCOR code and described in Volume 3 of this __ report ,
In the case of no containment failure during the accident, the first
release for ATWS without successful venting is used since some leakago from
the containment will occur.

The first release for a short-term scenario begins at containment failure
which can occur at vessel breach, when late venting occurs, following a
drywell rupture caused by a pedestal failure, or late due to
ove rp re s sur t ;:n t ion of the containment. The time of vessel breach was
determined _ f rom short-term _ station blackout calculations performed with the
MEi.COR code, l. ate venting waa assessed to be 2 hours after vessel breach.

This was based on the MEl.COR calculations and the allowance of 2 hours for
AC recovery neces sa ry to vent. An.early (after vessel breach) pedestal
failure could occur from 1 to 6 hours following vessel breach; therefore,.
for the source term analysis the average of 3.5 hours after vessel breach
was used. Late conta itunent failure was -determined from the short-term
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station blackout calculation without ADS. Tabic 4.4-55 contains the
possible first release times for the short-term scenarios. The duration of

F the first release was 15 minutes. This length of time wa c. taken to
represent the containment __ failure puff. If the containment does not fail
for this accident progression bin, the first release time is set equal to
the first release time for a containment failure at vessel breach since
some leakage from the cont 4'.nment will occur during the accident.;

First release times for scenarios with injection initially available
followed by injection failure with the RPV either remaining at high or low
pressure are very similar to those for the short term scenarios.
Containmenc failure can occur at vessel breach (either due to the vessel
breach or due to early venting), due to late venting, due to a pedestal
failure causing drywell rupture, or late due to overpressurization. The
time of vessel breach is based on an intermediate station blackout
calculation performed with the MELCOR code and described in Voltune 3 of
this report. In this calculation, the RPV repressurized following loss of
inj ection; therefore, the timing had to be modified for use as a release
time. The time calculated to repressurize the RPV was subtracted from the
vessel breach time to estimate the vessel breach time for an accident with
the RPV remaining at either high or low pressure. The times after vessel
breach for late venting and pedestal failure are the same as for the short-
term scenarios. The time of late contaircent failure was also based on the
intermediate station blackout calculation performed with MELCOR. Table
4.4-56 contains the possible first release times for these scenarios. The
duration of the first release was taken to be 15 minutes which represents
the containment failure puff. If the containment does not fall for this
bin, the first release time is taken as the release time at vessel breach
since some leakage from the contaitunent will occur during the accident.

Another scenario is similar to the above except that the RPV depressurizes
during the injection phase then reprersurizes af ter injection failure. To
account for the repressurization phase, 4.7 hours is added to each of the
above times for this scenario. The duration of the first release for this
scenario is the same as that above

-The first release for the scenarios with no containment heat removal, but
with low pressure injection operating until the SRV's recloso due to high
containment pressure may, occur at vessel breach or late due to
overpressurization. Both - of these times are - based _ on the long- term and
intermediate term station blackout calculations performed with the MELCOR
code and described in Volume 3 of this report. The time injection is lost

| was estimated from the long-term calculation as the time the containment
reaches 85 psig (the SRV's reclose at this pressure). The intermediate
calculation was then used to estimate the time from loss of injection to
vessel breach as 13.9 hours. The amount of time between vessel breach and
late _ contaitunent failure was determined by estimating the time for the

'

containment to reach 195 psig in the intermediate calenlation. This time
was 6 hours resulting in a release time of 49 hours for this scenario if

|. the containment fails due to overpressurization. The duration of the first

- 4 47 -
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Table 4,4-55,

Possible First Release Times for the Short-term Scenarios.

. -

Containmint Failurnfiesit Eirst Releluve_IJ.rtLttel
At vessel breach 14400,

lait e venting 21600,

Pedestal fallure 27000,

Late failure 64800.
.. - --.- - - -

1

|

Table 4.4-56.
I Possible First Release Times for the Scenarios

With Inject ion Initially Followed by Injection Failure
With the RPV Remaining at lligh or Low Pressure.

.

W-

dho.pt a i tament FaLLure Mode First Release Time (ser_1
|

, ., t vessel breach 61200|

. ate venting 68400.;

/edestal failure 73800.
Late fallure 100800.

| -

|

|

t

|

|
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release is 15 minuteu which is the c o n t a i rute n t failure puff. If the
containment does not fail, the first rslease is taken to begin at vessel
breach since some leakage from the cantainment will occur.

As with the above scenario, the first release time for a late venting
scenario wa based on the long-term and intermediate term station blackout
calculations performed with the ME LCOR code. The time of venting (i.e.,

the time the c on t a i tune n t pressure reaches 60 psig) was estimated from tha
long-term calculation, while the time to core damage from loss of inj ect ion
(at which point the release begins) was estimated from the intermediate
calculation. The value used for the first release time was 28.3 hou.:s .
The duration of the first release is 4.1 hours which is the time from core
damage to vessel breach, based on the intermediate station blackout
calculation perf ormed with MELCOR.

-_

The first release in the l ong- t e r,a scenarios begins at core damage since
the containment has already failed. This value was based on the long-term
station blackout calculation performed wi th MELCOR and was assessed to be
58.3 hours. The duration of the first release was also based on this
calculation and was /.3 hours.

Second Release

The second release begins when the first release is completed. For this
reason only the duration of the second release will he discussed in this
chapter

As noted earlier, several scenarios do not net o three release phases to
characterize the release since the c on t a inn,e n t do,s not fail before core

damage These scenarios include the short-term scenario and scenarios with
injection initially available followed by failure of injection, caused by

. battery ' allure, failure of the diesel generators to continue to run, or
failure of low pressure inj ection caused by high containment pressure. All -

of these scenatlos have a second release duration of zero. All other -

scenarlos considered in the analysis have containment failure before core
damage These include ATWS, early venting, and the long-term scenarios.
For each of these scenario;, the second release will be the vessel breach
pufi which in taken to be 15 minutes.

Third Release

The third release begins when the second release is completed. The third
release is dependent only on the containment failure size and the
occurrence of core-concrete interactions. The release durations chosen
were based primarily on MELCOR calculations described in Volume 3 of this
report and on engineering judgement. The long-term station blackout
calculation was used in determining the release duration for the rupture
cases with core-concrete interactions. Releases with no CCI were assessed
to be four hours shorter than releases with CCI and releases through leaks
were taken to be longer than those through ruptures Table 4 4-57 contains
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the release durations used for the various combinations; If the
containment does not fail, the cases of containment leakage were used for
= the release duration.

.

Table 4.4-57.
Third Release Durations.

Containment Failure Mode CCl? Release duration (sec)
rupture yes 21600,

rupture no 7200.
. leak yes 25200.
leak no 10800.

4.4.3.4 Other Non-sampled Variables

Several other variables were not sampled. These include:

1. the delay time from when a evacuation was called to when the
population actually begins to leave,

2. the fraction of the radionuclides released in the initial puff
when the containment fails late in the accident,

3. the release elevation,

4. the fraction of the core participating in direct containment
heating (FHPE),

5. the fraction of the core participating' in ex-vessel steam
explosions (EVSE),

6, the fraction of initial iodine core inventory scrubbed by the-
cavity water during CCI release (CAWI),

7. fraction of the core material that leaves the vessel--anytime at
or after vessel breach (FLV),

8. fraction of initial core inventory of iodine scrubbed by the
pool (POOLI),

9. fraction of core material leaving the core after vessel breach
that is available for CCI (XCCI),

10. the fraction of the radionuclides that. go directly into the
drywell without passing through the suppression pool due to a.
stuck open SRV tailpipe vacuum breaker or a LOCA (FPLBY), and

11. the release fractions from the' vessel at vessel breach (VBPUF).

4 50>
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The delay time of 35 minutes was based on a study performed by NUS.* This
time was not sampled since the uncertainty in the warning time was assessed
to include the uncertainty tri the delay time.

The fraction of the radionuclides released in the puff when the containment
falls late depends on the failure mode of the containment, if a late
containment rupture occurs, 90% - of the radionuclides are released in the
puff; however, if a late - contaitunent leak occurs or the containment does-
not fail, 50% of the radionuclides are released in the initial release.
Radionuclides are released because of technical specification leakage even"

i.f the containment does not structurally fail. The above fractions were
taken to be the same as those used in the Peach Bottom analysis.11

The release elevation was fixed at 30 m although releases could actually
occur at dif ferent elevations (i.e., the location of the reactor building

failure is a random variable). This variable was not sampled since the
relative importance of the release elevation was determined to be small in
comparison to the energy of release as determined in sensitivity studies
performed for the Peach Bottom analysis.11

Two cases for the fraction of the core participating in direct conta irunent
heating are considered. The first case is that of high core mobility, for
which the fraction participating is 0.4. The second case is that of low
core mobility for which the fraction participating is 0.1.**

The fraction of the core participating in ex-vessel steam explosions is
sampled in the Accident Progression Event Tree and the nominal values are
0.2 for the high ex-vessel steam explosion case and 0.05 for the low ex-
vessel steam explosion case.

The fraction of iodine scrubbed by the cavity water during CCI release is
taken to be the same as the fraction scrubbed by the pool.

The fraction of the core material that 1 caves the vessel at or after vessel
breach is assumed to oe 1.0 if vessel breach has occurred and 0.0 if vessel
breach has not occurred.

The fraction of iodine scrubbed by the pool is determined from the
cumulative amount in the pool by mass conservation from what is not
accounted for elsewhere.

The fraction of core material leaving the core after vessel breach that is
determined by conservation of mass from what is leftavailable for CCl is

over from ex vessel steam explosions or DCil.

* Letter from G, D. Kaiser (NUS) to D. J . Alpert (SNL) , January 13, 1986.

** Memo from J. E. Kelly (SNL) to E.-D. Gorham-Bergeron ( SNL) , " Mobility
at Vessel Breach Question," February 8, 1989.
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The fraction of the release that is directed -into the drywell due - to |
failed-open SRV tallpipe vac.uam breakers or a LOCA depends on the pressure
of the RPV. If the pressure of the RPV is high , the fraction released ;

directly into the drywell is 0.39. If the pressure of the RPV is lew, then j
the-fraction is 1.0. These numbers are the same as those used in the Peach ;

Bottom analysis.n
l

The release fractions from the vessel during the 15 minute vessel breach,

puff are based on the short-term station blackout calculation performed
with MELCOR and described in Volume 3 of this report. The fractions are
shown in Table 4.4-58.

Table 4.4-58.
Vessel Breach Puff Release Fractions.

~

Rndionuclide Group Release Fraction
Noble Cases 1.49E-4

'

1 2.45E-5
Cs 4.56E-3
Te 1.16E-4
Sr 4.29E-6
Ru 0.0
La 0.0
Ce 0.0

' Ba 4.29E-6
|

f

4.5 RESULTS
P

The mean- source terms for the dominant early fatality and latent cancer
l' risk bins based on the fractional contribution to mean risk, FCMR, (see
l Chapter 6 for a discussion on FCMR) for each of the summary plant damage

state-(PDS) groups are tabulated below. The PDS groups are: (1) seismic,
(9) f ire , -- (3 ) flood, (4) ATWS, (5) transient, (6) _ trans ient-lDCA, and (7)

LOL A . The_ mean source terms were calculated using - the LASSOR code by
arithmetica11y averaging over all the source terms calculated for that bin
in all of the 400 Ills observations.

Tabic 4.5-1 contains the mean source terms for the early fatality risk
dominant bins for the scismic sequences, All of these dominant bins are
characterized by two releases (i.e., first and third) and thus, the second
release is set to zero. The mean source terms for the early fatality risk
dominant bins for the fire sequences are shown in Table 4.5_-2. Table 4.5-3
contains the mean source terms for _ the early fatality risk dominant bins
for the flood sequences. As for the seismic sequences, the ftre and flood
dominant hins are characterized by two releases. The mean source terms for
the early fatality risk dominant bins for the ATWS sequences and transient
sequences are shown in Tables 4.5-4 and 4.5-5, respectively. The mean
source terms for the cariy fatality risk dominant bins for the transient-,

|. LOCA sequences are shown in Table 4.5-6. The LOCA sequences did not appear
among the dominant sequences for early fatalities.
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Table 4.5-3.
The Mean Source Terms for the FCMR Early Fatality Risk Dominant Bins

For the Flood Sequences.

oRLER BIN WARN ELEV POWER STARI DUR REI. EASE FRACTIONS
(S). (M) (W) (S) (3) NG 1 Cs Te, Sr Ru La Ce Be'

1 DABDFJIFABAAAB 4. 7E+03 3.0E+01 7.3E+08 2. ZE+04 9.0E+02 9. 0E-01 7 8E-02 8.6E-03 1.1E-02 6. 5E-03 1.0E-04 4.3E-04 8.7E-04 4.7E-03
0.0E+00 2.3E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 0E+00 0.0E+00 0.0E+00 0.0E+00
3.0E+08 2.3E+04 2.2E+04 1.0E-01 8.6E-03 9.6E-04 1.2E-03 7.3E-04 1.1E-05 4.8E-05 9.7E-05 5.3E-04

2 DAABFJ AAAAAB 4.6E+03 3.0E+01 7.3E+0S 2.2E+04 9.0E+02 9.CE-01 5.8E-02 2.1E-02 3.0E-02 2.CE-02 2.3E-04 1.1E-03 1.1E-03 1.5E-02
2

l'
O.0E+00 2.3E+04 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0J'

3.0E+08 2.3E+04 2.2E+04 1.0E-01 6.5E-03 2.3E-09 3.3E-03 2.2E-03 2.6E-05 1.2E-04 1.1E-04 1.7E-03
3 LABBFJIFAAAAAB 4.8E+03 3. 0E+01 7.3E+08 2.2E+04 9. 0E+02 9.0E-01 5.4E-02 2.2E-02 3.0E-02 2.0E-02 2.5E-04 1.8E-03 2.9E-03 1.7E-02

0.CE+00 2.3E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00
3.0E+0S 2.3E+04 2.2E+04 1.0E-0? 6.0E-03 2.5E-03 3.4E-03 2.3E-03 2.8E-05 2.0E-04 3.2E-04 1.8E-03

DAADFJIFAEAAAB 4.EE+03 3.0E+01 7.3E+08 2.2E+04 9.0Er02 9.0E-01 9.1E-02 9.72-03 9.8E-03 4.8E-03 5.5E-05 2.3E-04 4.6E-04 3.17-93
4

0.0E+00 2.3E+04 0.CE+00 C.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 0E+00 0.0E+00 0.0E+e0 0.0L JD
,

4

3.0E+C8 2.3E+04 2.2E+04 1.CE-01 1.0E-02 1.1E-03 1.1E-03 5.4E-04 6.1E-06 2.6E-95 5.1E-05 3.5E*04
a

5 D AEEFJIFACACAB 4. 7E+03 3.0E+01 7.3E+06 2. 2E+04 9.0E+02 6.4E-01 3.8E-02 7.4E-04 7.2E-04 2.8E-04 4.4E-05 2.0E-05 9.5E-05 2.9E-04'

O.0E+00'2.3E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0C 0.0E+00
g3 3.0E+0S 2.3E+04 7.2E+03 7.1E-02 4.2E-03 e. ZE-05 8.0E-05 3.1E-05 4.9E-05 2.2E-06 1.1E-05 3.2E-05

e

6 DA3DFJGKABAAAB 4.7E+03 3.0E+01 4.9E+08 1.4E+04 9.0E+02 6.8E-01 4.0E-03 3.5E-03 1.7E-03 S.BE-04 1.3E-04 7.6E-05 3.8E-04 9.0E-04
[$ 0.CE+00 1.5E+04 0.0E+00 0.0E+00 0.0E+00 0.0F+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 !

1.2E+08 1.5E+04 2.5E+04 3.1E-01 1.1E-01 2.4E-02 1.6E-02 1.2E-02 5.1E-05 8.2E-04 1.5E-03 8.2E-03i

i 7 DAAEFJIFACACAB 4.6E+03 3. 0E+01 7.3E+08 2.2E+04 9.0E+02 6.EE-01 3,6E-02 7. 7Z-04 7. 7E-04 2.6E-04 4.EE-05 1.8E-05 6 ;3E-05 2.6E-04
i

0.0E+00 2.3E+04 0.0E+00 0.0E+00 0 0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
3.0E+08 2.3E+04 7.2E+03 7.3E-02 4.0E-03 8.5E-05 8.6E-05 2.9E-05 5.3E-06 2.0E-06 7.0E-06 2.GE-05

8 DABOFJGKA3AABB 4. 8E+03 3.0E+01 4 ' 9E+0B 1. 4E+04 9. 0E+02 5.eE-01 3.3E-04 2.1E-03 1.3E-04 3,7E-05 4.5E-06 2. 7E-06 1.3E-05 3.7E-05.

0.0E+00 1.5E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 0E+00 0.0E+00 0.0E+004

1.3E+G8 1. 5E+04 2. 5E+04 4.2E-01 2.0E-01 1.1r-01 3.7E-02 5.1E-03 7.2E-10 3.8E-04 4.5E-04 1.9E-03 +

9 CAADAJAKACAA3S 4.6E+03 3.0E+01 7.5E+C8 1.4E+04 9.0E+02 9.1E-01 7.9E-02 9.CE-02 4.9E-02 3.6E-02 3.7E-02 6.4E-03 7.6E-03 4.1E-02 i
0.0E+00 1.5E+04 0.0E+00 0.0E+00 0.0E+00 0.GE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1

3.0E+08 1.5E+04 7.2E+03 0.0E+00 1.1E-01 3.5E-02 i 5E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 ;

10 DAAf'JGKAAAAAB 4. 7E+03 3. 0E+01 4. 9E+08 1. 4E+04 9.0E+02 7.0E-01 4.CE-0J 3.5E-03 1.2E-03 1.7E-04 4.6E-05 1.0E-05 2.9E-05 1.9E-04 |
0.0E+00 1.5E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 !

! . 1.2E+08 1.5E+04 2.5E+04 3.0E-01 9.6E-02 6.5E-02 4.EE-02 3.2E-02 7.2E-05 1.7E-03 1.5E-03 2.3E-02
11 DABBFJGKAAAAAB 4.6E+03 3.0E+01 4.9E+08 1.4E+04 9.0E+02'7.3E-01 2.8E-03 2.7E-03 1.7E-03 1.2E-03 1.7E-04 1.1E-04 5.4E-04 1'.2E'03

' *
~

0.0E+00 1.5E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 [
1.3E+08 1.5E+04 2.5E+04 2.7E-01 1.0E-01 6.6E-02 6,0E-02 5.0E-02 5.1E-04 5.1E-03 7.9E-03 4.1E-02

12 DASDFJIFCEAAA5 4.7E+03 3.0E+01 7.3E+08 7.2E+04 9.0E+02 9.0E-01 7.3E-02 8.8E-03 9.3E-03 4.4E-03 3.5E-05 2.0E-04 3.8E-04 2.7E-03
1 0.CE+00 2.3E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E*00 0.CE+01 ,

3.0E+08 2.3E+04 2.2E+04 1.0E-01 8.1E-03 9.8E-04 1.0E-03 4.8E-04 3.9E-06 2.3E-05 4.2E-05 3.0E-04 r

13 DAADFJGKABAAAB 4.6E+03 3.0E+01 4.9E+08 1.4E+04 9.0E+02 6.7E-01 2.9E-03 2. 7E-03 1 1E-03 2.3E-04 .5.4E-05 1.4E-05 4.1E-05 2.5E-04
0.0E+00 1.5E+04 0.0E+00 0 CE+00 0.0E+00 0.0E+00 ' E+00 0.0E+00 0.0!+00 0.0E+00 0.0E+00 0.CE+00 f

1.3E+D8 1.5E+04 2.5E+04 JE-01 1.1E-01 2.3E-02 . 4E-02 6.6E-03 1.9E-05 2.6E-04 5.0E-04 3.8E-03 }
14 DAADAJAKAB AABB 4.6E+03 3.0E+01 7.5E+08 1. 4E+04 9.0E+02 8.3E-01 1.3E-01 1.4E-01 7. 4E-02 4.4E-02 4.3E-02 9.2E-03 1.0E-02 5.0E-02 '

O.0E+00 1.5E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE*00 0.0E+00 0.0E+00 0.0E+00'
3,0E+08 1, $E+04 2.2E+04 1.7E-01 1.2E-01 6.4E-02 3.8E-02 2.0E-02 5.3E-05 9.4E-04 1.7E-03 1.2E-02

1$ DARDFJGBARAAAB 4.7E+03 3.0E+01 7.3E+08 1.4E+04 9.0E+02 6.GE-01 4.2E-03 3.8E-O's 1.8E-03 9.9E-04 1.4E-04 8.5E-05 4.3E-04 1.0E-03
0.0E+00 1.5E+04 0.0E+00 0.0E+00 0.0E+00 4.0E+00 0.CE+00. 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 c

3.0E+08 1.5E+04 2.2E*04 3.1E-01 1.1E-01 2.4E-02 1.7E-02 1.2E-02 5.7E-05 8.8E-04 1.7E-03 6.6E-03
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The mean source terms for the . latent cancer risk dominant - bins are
contained in Tables 4.5 7 through 4.5-13. Table 4 5-7 contains the mean.

source terms _fcr the latent cancer dominant bins'for seismic sequences. As
for the early fatality dominant bins, these source terms are characterized

-

by two releases. The mean source terms for the latent cancer risk dominant
bins for the fire sequences are shown in Table 4.5-8. The mean source
terms for the latent cancer risk dominant bins for the flood and ATWS
sequences are shown in Tables 4.5-9 and 4.5 10, respectively. Table 4.5-11
contains the mean source terms for the latent cancer risk dominant bins for
LOCA sequences. The nean source terms for latent cancer risk dominant bins
for the tronsient and transient-LOCA sequences are shown in Table 4.5-12
and 4. 5-13, respectively.

Table 4.5-14 contains the mean source terms for the seven supergroups: 1)
seismic, 2) fire. 'lood, 4) ATUS, 5 ) - LOCA , 6) transient, and 7)

'

transient-LOCA. The .ean source terms were determined by frequency
weighting all of the source terms from all of the observations for each
supergroup.

The total complementary cumulative distribution functions, CCDFs, for the
I, Cs. Sr, and La radionuclide classes are shown in Figure 4.5-1. This
figure presents information on both source term size and frequency. It

indicates the frequency with which different values of the release fraction
are exceeded, and displays the uncertainty in that frequency. The --curves
in Figure 4.51 are derived in the following manner: ^ r each observation,
a frequency for each APB is obtained. Calculation of the source terms for
the APBs gives a total release fraction for each APB. When all the APBs
are considered, a curve of exceedance frequency vs. release fraction can be
plotted for each observation.

Figure 4.5-1 is a summary presem a ion of these curves for the 400
observations in the - sample. Instead of- placing all 400 curves on one
figure, only four statistical- measures are shown. These measures are
generated by analyzing the curves as follows. For each release fraction on
the abscissa, there are 400 values- of the oxceedance frequency- (one - for
each observation). -From these 400 values, it is possible to calculate
mean, median (50th quantile), 95th quantile and 5th quantile values. When
this is done for each value of the release fraction and the results
plotted, the curves in Figure 4.5-1 are obtained. Thus, Figure 4.5-1
provides information on the relationship between the size of the release
fractions and the frequency at which these release fractions are exceeded,
as well as the variation in that relationship-between the observr.tions in
the sample.

b

As an illustration of the information in Figure 4.5-1, the mean frequency
(yri)- at which a release fraction of 1.E-05 is exceeded is roughly, 1.0E-
04, 7.0E-05, 2.0E-05, and 5.0E-05 for the I, Cs, Sr, and La release
classes,- respectively, For a release fraction of 0.1, the corresponding

1

mean exceedance frequencies are 2.0E-05, 2.0E-05, 8.0E-06, and 1.0E-08, I

respectively. The flat portion of the CCDF shown for the I and Cs releese I
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1

Table 4.5-13.
| The'Mean Source. Terms for the FCMR Latent Cancer Risk Dominant Bins for the

Transient-IDCA Sequences.

CCER BIN WARN ELEY POWER START !*.*.R RELEASE FRACTIONS

(5) ( M .' (W) (S) (S) . PG 1 Cs To Sr Ru La Ce Be

! EDABFIICAAAAAB 8.8E+04 3.0E+03 9.4E+06 1.0E+05 1.5E+04 1.wE-01 5.1E-03 3.5E-03 1.4E-03 2.2E-04 5.4E-05 1.2E-05 3.2E-05 2.4E-04
1.7E+07 1.2E+05 9.CE+02 1,5E-04 9.05-05 1.7E-03 3,8E-05 1.4E-06 0.0E+00 0.0E+00 0.CE+00 1.4E-06
2.2E+07 1.2E+05 2.2E+04 2.1E-01 1.5E-01 1.5E-01 1.3E-01 1.1E-01 8.0E-l' b.3E-03 3.8E-03 8.6E-02

2 EDABFEIKAAAAA3 8.GE+04 3.0E+01 9,4E+06 1.CE+05 1.5E+04 7.3E-01 1.1E-02 7.8!-03 3.2E-03 6.3E-04 1.5E-04 4.2E-05 1.4E-04 6.7E-04
1.'E+07 1.2E+05 9.0E+02 1.5E-04 7.1E-05 1. 3E-03 3.0E-05 1.1E-06 0.0E+00 0.0E+00 0.0E+00 1.1E-06
2.2E+07 1.2E+05 2.ZE+04 2.7E-01 1.2E-01 1.3E-01 9.5Z-02 7.5E-02 4.0E-04 4.7E-03 3.8E-03 5.8E-02

3 EDABEEIKAAAAAB 9.0E+04 3.0E+01 9.4Et06 1.0E+05 1.5E+04 7.3E-01 8.2E-03 5.6E-03 2.5E-03 7.6E-04 1.4E-04 6.0E-05 2.6E-04 8.0E-04
1.7E+07 1.2E+05 9.0E+02 1.4E-02 5.EE-03 8.CE-03 3.3E-03 2.3E-03 2.6E-03 5.2E-04 5.5E-04 2.6E-03,

2.2E+07 1.2E+05 2.2E+04 2.5E-01 1. 4E-01 1.5E-01 1.1E-01 7.4E-02 1.1E-03 4.CE-03 ' 4.7E-03 5.5E-02
4 E02BEEIKAAA3A3 9.9E+04 3.0E+01 9.4E+06 1.0F+05 1. 5E+04 6.9E-01 4,3E-03 3.1E-03 1. 9E-03 7. 7E-04 9.6E-05 3.4E-05 1.4E-04 7.8E-04

1.7Et07 1.2E+05 9.0E+02.1.6E-02 1.1E-03 1.EE-03 6.2E-04 3.2E-04 3.6E-04 8.7E-05 8.5E-05 3.8E-04.

2,2E+0 7 1.2E+05 1.2E+04 2.9E-01 1.4E-01 1.4E-01 8. 5E-02 8 CE-02 1.6E-04 8.1E-03 1.3E-02 6.6E-02j
5 EDBBEEIKAAAAAR 8.9E+04 3.0E+01 9.4E+06 1.0E+05 1.5E+04 7.0E-01 4.7E-03 3.1E-03 1.7E-03 5.2E-04 6.9E-05 2,3E-05 9.4E-05 5.4E-04

1.7E+07 1.2E+05 9.JE+02 1.5E-02 5.9E-03 8.0E-03 2.1E-03 1.4E-03 1.4E-03 2.9E-04 3.0E-04 1.6E-03
2' 2.2E+G7 1.2E+0 5 2.2E+04 2.9E-01 1.5E-01 1. 6E-01 9.3E-02 6.9E-02 1.4E-04 6.3E-03 1.0E-02 5.5E-02
$s 6 EDBBFIIKAAAAAB 8.9E+04 3.0E+01 9.4F+06 1.0E+05 1.5E+04 7.1E-01 5.0E-03 4.0E-03 2.6E-03 1.tE-03 2.1E-04 1.2E-04 5.7E-04 1.6E-03
0% '1.71+07 1.2E+05 9.0E+02 1.5E-04 7.3E-05 1.4E-03 3.1E-P5 1.1E-06 0.0E+00 0.CE+00 0.CE+00 1.1E-06

2.2E+0 7 1.2E+05 2.2E+04 2. 9E-01 1.4E-01 1.4E-01 1.0E-01 7.5E-02 1.7E-04 7.0E-03 1.1E-02 6.2E-02
7 E0BBFEICAAAAAB ' 9.0E+04 3.0E+01 9.4E+06 1.0E+05 1.5E+04 6. 9E-01 2.6E-03 1.6E-03 5.6E-04 4.9E-05 1.4E-05 2.1E-06 7.5E-06 6.1E-05
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1.7E+07 1.2E+05 9.0E+02 1.5E-04 2.01-05 3.7E-04 8.4E-06 3.1E-07 0.0E+00 0.CE+00 0.0E+00 3.1E-07
2.2E+07 1.2E+05 2.ZZ+04 2.1E-01.1 6E-01 1.6E-01 1.1E-01 1.1E-01 2.1E-04 1.0E-02 1.6E-02 9.9E-02
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.

| 10
1.7E+07 1.2E+05 9.0E+02 1.5E-04 1.5E-05 2.8E-04 6.2E-06 2.3E-07 0.0E+00 0.0E+00 0.0E+00 2.3E-07

i
2.2E+07 1.2E+05 2.2E+04 3.EE-01 1.2E-01 1.3E-01 7.4E-02 5.21-02 2.1E-04 2.7E-03 2 6E-03 3.EE-02

i 11 R$50EJBKEBAAAA 3.9E+04 . 9E+01 4.4E+08 6.1E+04 9.0E+02 6.3E-01 1.1E-02 1.4E-02 4.4E-03 3.5E-03 3.6E-03 5.6E-04 5.9E-04 4.1E-03
,

0.0E+00 6.1E+04 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00i
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12 EDASEEIKAAARAB 9.0E+04 3,0E+01 9.4E+C6 1.0E+05 1.5E+04 7.1E-01 6.82-03 4.9E-03 2.4E-03 8.0E-04 1.4E-04 6.6E-05 2.8E-04 8.3E-04-

| 1.7E+07 1.2E+05 9.0E+02 1.5E-02 1.8E-03 2.5E-03.1.2E-03 9.1E-04 9.9E-04 1.8E-04 2.0E-04 1.0E-03
i

2.2E+07.1.2E+05 2.2E+04 2.8E-01 1.5E-01 1.6E-01 1.0E-01 6.1E-0? 1.1E-03 3.7E-03 4.0E-03 4.EE-02
13 EDAEEEICAAAEAB 9.0E+C4 3.0E+01 9.4E+06 1.0E+05 1.5E+04 8.8E-01 1.2E-02 7.7E-03 3.3E-03 7.7E-74 1.8E-04 5.6E-05 2.6E-04 8.1E-04

;

' - 1.7E+07 1.2E+05 9.0E+02 5.9E-03 7.4E-04 1.2E-03 9.3E-05 4.1E-05 5.8E-05 2.1E-05 2.0E-05 4.9E-05
2.ZE+07 1.2E+05 2.2E+04 1.1E-01 1.2E-01 1.3E-01 1.3E-01 1.0E-01 9.2E-04 3.EE-03 6.4E-03 7.1E-02.
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fractions implies that very small releases rarely occur. For example, .the
mean 1 release fractions are between 1.0E-03 and 0,8. This behavior is not
as prevalent in Sr and La since they are less volatile.

The same information is shovn- in Figus es 4.5-2 thru 4.5-8 for the summary
PDS groups: seismic, fire, flood, ATwS, LOCA, transient, and transient-
LOCA, respectively. A comparison of these CCDFs shows that the highest
exceedance frequencies occur for fire and transient scenarios while the
lowest exceedance frequencies occur for LOCA scenarios. This is due to the
relative contribution of each PDS group to the core damage (i.e., fire and-
transient scenarios contribute significantly to the core damage frequency),

The CCDFs for the collapsed APBs are shown in Figures 4.5-9 thru 4.5-16.
The collapsed APBs are: (1) vessel breach, early containment failure, low
RPV pressure , (2) vessel breach, early containment failure, high RPV
pressure, (3) vessel brea late containment failure, (4) vessel breach,,

successful venting, (5) vessel breach, no containment failure, (6) no
vessel breach. containment failure, (7) no vessel breach, successful
venting, and (8) no vessel breach, no containment failure.

A comparison of the CCDFs for the vessel breach, early containment failure
cases with high RPV pressure (Figure 4.5-10) with those with low RPV
pressure (Figure 4.5-9) shows that the difference in the source term is not
significant. The fraction of a species that was released from the fuel
that is subsequently released from the vessel depends on the pressure of
the RPV. Iloweve r , the fraction of a species that was retained in the
vessel is available for revolatilization after vessel breach, which does
occur in these cases. Thus, the source terms due to different RPV
pressures are comparable since the vessel does breach.

Comparing the CCDFs for the vessel breach, early containment failure, low
RPV pressure collapsed bin (Figure 4.5-9) with those for the vessel breach
with late containment failure colla : sed bin (Figure 4.5-11) shows many
similarities. The maximum magnitude of the release fractions are4

approximately the same and the ranges of the exceedance frequency are also
approximately the same. However, in the late containment failure case, the
source terms are confined to a smaller range of magnitude' evidenced byas

the flatter curves at lower release fractions. This ir occurs because all
of the releases (before vessel breach, at vessel breach, and after vessel
breach) reach the environment through the same path. In contrast, an early.
containment failure may be followed by a later failure, depending on the
accident progression bin, and thus the releases may pass through different-
release paths (and different scrubbing mechanisms) yielding a-larger spread
in the magnitude of the source terms.

The importance of the -release path can be demonstrated by comparing the
i CCDFs for the vessel breach case with early containment failure and low
| pressure (Figure 4.5-9) to the case of vessel breach with venting (Figure

4.5-12). The venting pathway is through the wetwell above the water line.
If the cavity floor has failed, radionuclides may leave the containment

|

|
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without being sert bbed by the pool or the sprays, resulting in a larger
source term.

The CCDP for the vessel breach with no conta inroent failure case (Figure
L 4.5-13) shows that the magnitude of the source term is drastically

decreased since the containment rernains intact. The seemingly high tnean
release fractions of 1 is due to a few high source terms. The 1 released
during the accident may be scrubbed by the pool and later revolatilized.
After revolatilizing. the I is not scrubbed by any mechanism (based on the

'expert's opinions) as it passes out of the containment by normal leakage
paths. This is true even with the assumption of minircum DF used in this
Case. .

Comparing the CCDFs for the versel breach with no containment failure case
(Figure 4.5-13) to the no vessel breach with containment failure case
(Figure 4.5-14) shows t h a t. t he relative importance of the containment is

; greater than that of the vessel in retaining radionuclides. Thia is as-one
would expect since there are many large surfaces for the radionuclidos to
deposit and settle on in the contaitunent.

Comparing the no vessel breach with containment failure case (Figure
4.5+14) to the no vessel breach with successful venting case (Figure
4.5-15) shows that the latter results in significantly higher source terins.
This is due to the difference in deposition in the contaltunent for the two
cases resulting from the longer residence time of radionuclides in the
contalnment in cases vith leakage instead of rupture. Ver.t ing always
results in a rupture with a relatively small arnount of deposition in .the
containment. On the other hand the c onta irunent failure case also includes
leaks with a higher amount of radienuclide deposition in the containment.

Fi gure 4.5-16 shows that, eve, though the containment and vessel do not
fall, releases may still-be expected to the environment due to technical
specification leakage from the containment.

4.6 Partitioninn of the Source Terms for the Consecuence Analysig
,

4.6.1 Ir.troduction .

As a result of the accident progression analysis for LaSalle, 75,680
i accident progression bins were retaired for fur ther analysis. Using the

methods described in Sections 4.0-4.5, source terms were estir.ated for all
of these accident progression bins using the 1ASSOR code. The consequences
resulting from these source terms were calculated with- the MACCS
consequence model' and are described in Section 5 of this report.

,

1

If all the possible cerequence measures are calculated, the MACCS code
takes about 30 minutes tor each source term calculation. By reducing the
consequence measures cal ulated to only those specifically needed, the time

4-85
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for the calculation of an individual source term can be reduced to about
7.5 minutes. Even with this reduction in eniculation time, if all 75,680
source terms were individually calculated, the amount of effort required to

'

determine the risk would be inordinate Some simplification to being the
; level of offort into line with the other stages of the analysis is
i therefore, required.

In this analysis, the source terms were grouped on the bases of similar
f requency. weight ed mean source term was determinedcharacteristien and a

single MACCS calculat ion was periormed for eachior each group. Then, a
mean source term and the consequences determined for each group, The

'
consequence results for a group were then assigned to each source terr In
the group. If a process can be defined that limits the number of groups to
be analyzed and also represent s the unique characteristics of the source
terms in sufficient detail, then the s i rnpli f i c a t i on vill adequately

,

'

reptenent *he actual expected result. This grouping of the source terms '

was performed with the PARTITION program, and the process is referred to us
"part i tioning the source terms" or just " partitioning." .

Section 4 . ts . 2 presents an overview of the partitioning process. Section
4=6.3 discusses the partit.ioning process in some detail, and the
partitioning results for the integrated analysis are given in Section
4 . 6.4 .

.

| 4,6.2 Partitloning Process

The initial partitioning proceso developed for the haSalle analysis was
used in NUREG-llSO and is described in NUREG/CR-4551, Vol . 1,* and in the
user's ma nut.1 for the PARTITION program.22 For the final LaSalle analysis,
further improvements have been maA in the partitioning process to bet.ter
determine the actual consequences ! rom the potential consequences. This-

sectio, describes the eneral method used to partition the source termsn
ger. orated in this analysis.

The partitioning process used for the haSalle analysis consists of the
following steps:

1. Site specific MACCS calculations were performed to create the early
health (Ell) effect and chronic health (CH) effect weights which are
the bases of the partitioning process. This is described ina

Section 4.6.1.1. This was the same as in the initial process
applied in NUREC.1150.

_

* E, D. Gorham, J. C. 1:c1 ton, R. J. Breeding, S. C. llo ra , W. B. Murfin,

and J . L. Sprung , " Evaluation of Severe Accident Risks Volume 1 Part

1: Methodology," NUREG/CR-4551, SAND 86-1309, Sandia National
haboratorins, Albuquerone. NM, to be published.,

,

!

1
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;
4

2. Each accident progression bin was assigned an event type parameter |
which indicated the general class of evacuation assumptions that i

were used in t.he MACCS calculation. The accident progressions were ;

grouped into three categories for this analysis: (1) high-g ,,

; seismic, (2) loi.-g seismic, and (3) all others, for each of these i

Croups, a unique set of evacuation assumptions was used. This was ,

new and is an improvement over the process used in NUREG-1150. ;

I

;3. The source term and e cuation pa r qine t e rs , whose values are"

important t.o the MACCS consequence calculation, were selected and
'prioritized in terms of their importance in determining the

consequences. These pa raiue t e t s , which are independent of . the
'

health effect weights, were used to construct groups of source
terms that were more homogeneous in their characteristics than
would have been obtained solely by using the health effect weights. ;

Thus, the MACCS result s more accurately represent the source terms
'

in cach group. This was new and is ai, irnprovement over the process
used it,NUREG-1150. .

4. For each event type, the PARTITION code was run. The code
calculated, for each accident progression bin, the appropriate
early and chronic health effect weight risks, constructed -3 two-

d!mensional grid baued on these riske, and then created source term
groups within each of the cells on the grid consistice, of accident
progression bins with similar values of the source term and '

evacuation parameters selected in step 3, if possible. The groups
were defined in terms of their fractional contribution to the total
early health effect weight risk, total chronic henith effect weight ,

risk, and total source term frequency in that order. The remaining ,

source terms, that could not be grouped, were then assigned to the
closest defined bin as described in Section 4,6.3.6. The use of
frequency in addition to early -ani chronic health effect weight
risks was new and the use of the sotree term and evacuation
parameters to define the subgroups was avw and is an improvement
over the process used in NUREC 1150.

.

5. In order to perform the integrated calculation, the source term
groups for the different event types, which were each nwnbered 1 to

i ni. were combined into one set with the groups renumbered 1 to ng
and the pointers t r> the individual source terms arranged into one
file. This allowed all of the source terits to be calculated in one
MACCS calculation, i t.s t e ad of having to make several different

| runs, and simplified ^e data handling. This was new and is an
' improvement over the p acess used in NUREG 1150.

6. For each source term group, the MACCS input files were constructed
showing the specific mean source term for that group, = the mean
values of the source t e r.a and evacuation parametets used in the
part i tior.ing- process , and the general evacut.cion assumptions for
the event type to which the group belongs. This was the same as
the process used in NUREG 1150.
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i 4.6.3 Par'_it.loning Process Summary >

|

IThe new partitioning process defines partitions based on:
;

1. carly health elfeet weight risk (product of early health offeet
weight and frequency for a source term), s

2. chronir health effect weight risk (product of chronic her.lth effect
weight. and freytency for a source term), .

1

3. source term frequency, and

4. source term phenomenology parameters (i.e., release tiime, duration,
and energy) and evacuation characteristics (i.e., warnin6 t. i me ,

evacuation delay time, und initintor type) which-are partitioned to
'

;

achieve less variation in these parameters for the partition
deffnitions.

The following six sections describe the partition definition procesa.

4.6.3.1 Calculation of the llcalth Effect Veights

The early health effect weight la based on converting the radionuclide
release unsociated with a source term into un equivalent 1 131 release and

,

then estimating t.he number of early fatalities that would result from this
equivalent 1 131 release. This estimated number of enrly fatalities is the
early health ef fect weight The relat ionship between early fatalities and
equivalent I 131 releaser lo shown in t.he PARTITION input file listed in
Appendix D.1 and tu based on site specific MACCS calculations for
different-si cd releases of 1-131 with the conservative assumptions
described below. The precedure used to convert each is> topos' release into
an equivalent todine release is descriheu in the PARTITION user's manual.

I The chronic health effect weight is besed on an assumed linear relationship
'

between cancer fatalities due to a radionuc.ide and the amount of that.
site specific MACCS calculetion,radionuclide released. Spec i fi cally , a

with the conservative assumptions described below, is performed for a fixed
release of each of the 60 radionuclides included in the LaSalle consequence j

calculations. The results of these calculations and the asaumed linear i

relationship between the amount released and cancer fatalities for each )
radionuclido are then used to estimate the total number - of chronic '

fatalities associated witu a source term. This estimated number of chronic
fatalities is the chronic healt.h ef fect weight. The resulta-of the MACCS
calculations used in the determination of CH weight are shown in Appendix
D.2 and t.he input file for PARTITION containing the site specific data used;
in the calculation of Cll weight is shown in Appendix D.l.

| 'The site specific MACCS calculations that unde rlie the early and- chronic
health cffeet weights were performed with conservative assumptions with

i

L
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?

i
;

respect to the energy and timing of the releases and also with respect to
the emergency responses taken. As a result, these weights should be,

regarded as a measure of the potenrial of a source term to-cause early and
chronic fatalities rather than as an estimate of the fatalities t. hat would
actually result frors a securce term, The primary consideration of the
part itioning process to be used is to group the source terms so that the
conversion of these potential consequences into actual consequences is done ,

in such a way that the effects of the consequence parameters are not masked
by the grouping process.

4.6.3.? Partitioning Process Initialization

The partitioning process was performed by the PARTITION code. For this ,

a new version of the PARTITION code was developed. For each-analysis.
event type that has unique evacuation assumptions (i.e., high g seismic,

low-g seismic, and all others for this analysis), a . separate - PARTITION I
"

c..lculation was performed. The source terms for each event type were
grid based on the logarithm of the < hronic henith effectdivided into a .

weights on one axis (horizontal) and the logarithm ef the early health '

effect weights on the other axis (ve r t.i cal) . Table 4.6 2, which will be
discussed later, shows an exampic of this grid for the event type
consisting of high-g seismic scenarios. The user defines the number of

'

grid divisions to be used for each axis and the event type to be
partitioned. Each cell in this grid has four associated values:

1. number of r urce terms for tha:. event type in each grid cell,

f raction of the total frequency of the source terms in each grids.

cell reintive to the total frequency of all source terms for that
event type (i.e., the total frequency of all source terms for that !

event type is the sum of the frequencies for all source terms of ,

that type and over all L115 observations, it has no direct physical
meaning),

3. fraction of the total early health offect weight risk of the source4

terms in each grid cell relative to the total carly health effect
,

weight risk for all source terms for that event type, and,

4 fraction of the toral chronic health effect weight risk of the,

source terms in each grid cell relative to the total chronic health
effect weight risk for all sourco tetas for that event type in the
grid.

All of these fractions cre related to the source terms for the event type
under censideration,-not to the total of all event types, unless the user

,

)selects to partition all the source terms at once.

The early health effect weight risk within a grid cell is defined as the
sum of the products of the early health effect weight and frequency for al1

,

|
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source terms within that grid cell. *!be chronic health effect weight risk :

within a grid cell is defined as the sum of ' he products of the chronic |
health ef fect. weight and f requency f or all source te rios within that crid !

cell. The user defines the ini nimum fractional values of the following
pararneters that a group of source terms must have in order for the group to
be deffood an a partit. ion: ')

1. early henith effect weight risk,

7. chronic health ef fect weight risk, and
:

3. source terrn frequency.

l'or example, the fraction of the total early health effect weight risk in a
group rous t be at least 0.02 of the total, the fraction of the chronte
health offeet weight ri s,k must be at least 0.01 of the total, and the
fraction of the source term frequency must be at least 0.05 of the tetal). ;

In order to be considered to belong r.o a potential group, tne source terers
should also have similar characteristics in those parameters that are
important to the conversion of potential early and chron!c health effects
into actuni carly and chronic health effects when the actual evaluation of
the consequences is done in the MACCS code. The analyst, therefore,
selects a set of source term parameters for which less variation 1 desircd
and prioritizes theses in the p a r t i t. i on algoritum prior to program i

execution. These source term parameters allow more specific partitions to
be defined according to source term phenomenology such as timing and energy
release rates. The act.ual parameters used in the LaSalle analysis are, in
order of their priorit.y: the event type, the warning t.ime, the delay time,
the first release time, the first release duration, the first release
energy, the second release time, the second release duratlon, the second
release energy, the third release time, the third release duration, and the
third release energy. Other parameters or combinations of parameters can
be defined and used if desired.

4.6 3.3 Partitioning According to Early IIcalth Ef fect Weight Risk

once the initialization of the grid for the source terms of particular !.,

event. type has been completed, the identification and division of the
source terms into partitionn can begin. The partitioning process starts by
defining partitios.s based on early health effect weight risk. The grid-
cell having the maximum fraction of the early health offect weight risk is
f i r r.t located. Ranges for the provicusly prioritized list-of source term
and evacuation parameters are calculated for all the source terms in this- |
grid cc11. Each of these rangos is subdivided logarithmically into a user-

'

defined number of subranges. The early health effect weight risk for each
of the source terms in the grid cell is then accumulated into the subrange
corresponding to the value of each source term parameter (e.g., 1) the
range of warning times for all the source terms within a cell is divided

4+90
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into 3 subranges, 2) the value of the warning titue for each source tetto in
the cell is compared to the suhrange values and each source term is
assigned to one suhtange, cud 3) the fraction of the early heaith effect
weight risk corresponding to all of- the source terms in that suhrange are
added up). The set of subranges having the highest acermulated early
health effect weight risk for each source term parameter defines a possible
partitlon.

Next, since the par:neter values for a particular source tern do not
necessarily all fall within the set of subranges having the highest
accumulated early health effect weight riaks, the subset of source terms
that have all their source term parameter values within the defined
suhranges of the possible partition is identified. If the early health
eilect weight risk for this subset of source t e rtu s relative to the total
original early health effect weight risk in the grid is equal to or greater
than the user-defined m i ni nnun for a partition definition (i.e., if the
fraction is greater than the user defined minimum determined in the
initiall:ation procesi described above), this subset of source t e rtu s
de fities a part i tion

If the early health effect risk for this subset of source terms relative to
the total original early health effeet weight risk in the grid is less than
the user-defined m i n i ttum foi e partition definition, the source term
parameter with the 1.ast priority is removed rvom the set of parameter
rangec and the set of source t e r ro s with parameter values within this
reduced set of suhranges is identifled. It is expected t. hat the number of<

source term should increase since the requirements are less restrictive.
The early health effect weight risk for the source terms having all their
parameter values within the defined subranges for this reduced set of
parameters is calculated. If the fraction is equal to or greater than the
user-defined minimum then a part it ion is defined. If not, the next lowest
priority parameter is dropped and the process repeated. The process of
removing additional source term parameters trom consideration is repeated
until the early health ef f ect weight risk relative to the total original

_

early health effect weight risk in the grid, for the subset of source terms
in the uuhranges, exceeds or equals the user-defined minimum for a
part it ion delinition or until no parameters are lefL If the fraction of
the total early health ef fect weight risk of all the source te rrns within
the grid cell is greater than the user-defined minimum and no parameters
hesides the event type are used, then one partition. which includes all the
source terms in the cell, is defined. If the fraction of the tot.al early
health ef fect risk within the cell is less than the use r- de f i ned minimum,

then no partition im defined for that cell and the calculation moves to the
next cell.

When a partition has been defined, source term parameter values for the
partition are calculated based on frequency-weighted mean values
corresponding to the subset of grid cell source terms used to define the
nartition. The contributions of the source terms making up a partition are
then removed ftom the grid (i.e the source term count, the fraction of,
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!

:
'

the frequency, fraction of early henith effect weight risk, and fraction of
chronic health offeet weight risk for that ec11 are recalculated for that !

cell and the total remsining number of source terms and fraction of
frequency, early health elfeet weight risk, and chronic health effect

J weight risk are recalculated for the entire grid (i.e., the grid total
fraction rema!ning is less than 1005 by the amount contributed by the
source teams in the partition just defined)).

;

The partitioning process continues by again locating the grid cell having
the maximum remaining early health ef f ect risk and succeeding partitions
are defined in a similar manner. When the rnaximum grid cell early health
effect weight risk relative to the total o ri ginal early becith effect.

weight risk in the grid is less than-the user defined minimum for a
partition definition, the partition process based on early health ef fect
weight risk is complete. Early henith cifect weight risk source terms
remain in the grid but no single grid cell contains early health ef fect >

partitionweight risk er.neding the user defined minimum required for a
delinition. The partit loning process continues based on chronic health t

cifect weight risk

4.6.3.4 parti t ioning According t o Chronic Ilealth Ef fect Veight Risk

The partitioning process continues by defining _ partitions based on the
chronic health ef f ect weight risk using the source termn remaining in the
grid after the application of the previous step. The process is exactly
the same as for the early health effect weight risk except that chronic
health ef feet weight risk is used. When no grid cell contains more than
the user-defined minimum chroW e henith effect weight risk, the
part itioning process cont inues based on frequency.

4.6.3.5 Partitioning According to frequency

The partitioning process continues by defining partitions based on - the
fractional contribution to the total frequency of all source terms in the ;

grid using only those ource terms remaining in the grid after the
applica' ion of the two 'vious steps, The f requency of each source term

,

is the sum of tho frequencies of the originating plant damags s t.a t e s times
the conditional probab ili t ie s of all the accident progressions resulting;

~

from that plant damage state that fall into the accident prngression hin
that defines the snurre term (since each accident progression bin is a
source term) and sumrud over all ills observations. The total source term
frequency has no direct. physical interpretation.

When the maximum grid cell Iraction of frequency relative to the total
originai frequency in the grid is less than the user-defined minimum for a
partition definition, the partition process based on frequency is complete.
Source terms remain in the grid but no single grid cell contains a fraction
of the car ly health ef fect wright - risk, chronic health offeet weight risk,

'

R
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or original f requency exceeding the user-defined minianums required for a
partition definition. The partitioning process is then over.

4.5.3.6 pooling of Remaining Source Terres in Grid
,

;

Each of the source terms remaining in the grid following the partition
definition process is assigned to the closest previously defined partition
based on the minimum Euclidean distance (logarithmic scale) between the t

individual source term early nealth effect weight and chronic health effect
weight and the corresponding f re quency - we i gh t eri mean values for the
partition definitions. Parameters for these source terms are not used to
alter the partition definitions but the individual source term frequencies
are accumulated into the frequencies associated with the sppropriate
partition definitions.

4.6.3.7 Combination of Event Types

The process descrJbed in Sections 4.6.3.1 thru 4.6.3.6 is repeated for each
event type that is to be considered to have unique evacuation assumptions
in the consequence analysis. For the I.aSalle analysis, three event types
were selected. Event type 1 represented high-g seismic scenarios, event
type 2 represented low-g seismic scenarios, and event type 3 represented
all cther scenarios (i.e., all internal, fire, and flood scenarios) . The
specific evacuation assumptions for each event type are discussed in
Section 5.

Each PARTITION run creates a file defining the soutce term partition groups
for the particular event type evaluated. This filo contains the following
iniormation - for each partition group: the mean values of the release
fractions, the mean values of the source term and evacuation parameters.

used both in the partition process and those that are not used for
partitioning but are needed to complete the source term definition, and a
pointer relating the partition to the individual accident progression bins
that make up the partition group. These pointers are necessary in order
that the core damage frequency, conditional probability of the accident
progression bin, source term, and consequence can be tracked through the,

calculation and rish values calculated.
J

j In order to perform an integrated calculation, we need one set of partition
'

groups numbered segeentially from 1 to n. The COMBIN code , written for
t his _ analysis , reads in the three event type partition output files,
renumbers the- groups , and renumbers the peinters relating each accident
progression bin to the correct partition group.

1

!

4.6.3.8 Construction of the MACCS input Files

The STER cele takes generic MACCS ATMOS and EARLY input files and appends
the info r ation to define the source term and emergency response
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I
| assumptions. The code creates a set of MACCS input files for each

partition group defined in the analysis.

4.6.3.9 Input Modifications

The input file specifying the files to be used as input to the PARTITION
program was altered irom that used in the NUPEG-1150 analysis for the
LaSalle analysis. Each file in the list is now preceded by a 3-character
identificatica so that the files may be specified in any order. The
3-character identifications are:

I
MBL - master bin list
VGT -- dose factors and effeet weights
SOR -- source terms to be partitioned

APB -- accident bin condit ional probabilities by plant damage state
and by sample

PDS - plant damage state frequencies by sample

4.6.4 Results f or the Integrat ed Analys i s,

As mention previously, the accident progression analysis and the subsequent
source term analysis resulted in the generation of 75,680 source terms for
all initiators. Table 4.6-1 shows the division of the source terms into
three cases, Ell >0 and Cll>0, Ell-0 and Cll>0, and Ell-0 and Cil-0, and list s the
ranges of Ell and Cll for each case Also, the twelve parameters used in the
partitioning pr vess are 1isted.

As shown in Table 4.6-1, for the case where Ell and Cll are both greater than

0, log Cll ranges from 0.7146 to 5.3030 and log Ell ranges from -0.8180 to
1.6595. For the case where Ell-0 and Cll>0, log Cll ranges from -3.5270 to
4.7281. Figure 4.6 1 shows a plot of the pairs (Cil, Ell) for the 25,772
source terms for which both Ell and Cll are nonzero. The partitioning

grid on the (Cil, Ell) space shown in Figure .process is based on laying a

4.6-1 and with additional row for the (0,0) and (Cil,0) cases (see Tables

4.6-1 thru 4.6-3). Specifically, the number cf subdivisions of the grid is
selected by the user for (Se Ell and Cll dimensions and for the parameters
used in the partitioning process. The grid is selected so that the ratio
between the maximum and minimum value for Cil in any cell and also the ratio
between the maximum and minimum value for Ell in any cell will be equal.
The result of placing the selected grid on the ( Cil , Eli) space is also shown
in Figure 4.6-1, neglecting the (Cll,0) row.

A summary of the partitioning process for event type 1, high g seismic

scenarios is given in Table 4.6 2. The table is divided into two parts.

The first page is labeled "BEFORE PARTITIONING" and shows the distribution
of the source terms before the partitioning process. As in Figure 4.6-1,
the abscissa and ordinate correspond to Cll and Ell, respectively, with the

ranges given in Table 4.6-1. The bottom row shows the Eti-0, Cll>-0 source

terms. The top grid shows the number of source terms in each cell for the
event type under consideration, the second grid shows the fraction of the

I
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Table 4.6-1
Summary of Early and Chronic Ilealth Effect Weights

for All Initiators

_.

Number of Percent of
Source Terms Total Freauency

31.81
Ell >0 AND Cll>0 25772

68.1949908Ell-0 AND Cit >0 0.000Eli-0 AND Cil-0
100.0075680

TOTAL

0.7746 TO 5.3030FOR Ell >0 AND Cli>0, RANGE 1hC10(Cil)-
RANGE LOG 10(Ell)- 0.8180 TO 1.6595

FOR Ell-0 AND Cit >0, RANCE LDG10(Cil)~ 3. 5270 TO 4.7281

NUMBER OF SOURCE TERM PilENOMEN01DGY PARAMETERS DEFINED - 12:
10-EVNTYPE 1-TW 2-TLEtAY 3-T1 4 DT1

11-El 5-T2 6-DT2 21-E2 7-T3

8-DT3 31 E3

Event type, group of source term with unique evacuation
EVNTYPE -

assumptions to be partitioned separately.
time at which population receives evacuation order.TW - Warning time,

interval before population begins evacuating.TDEIAY - Delay time , time
of the fi rs t , second, and third releases.T1, T2, and T3 - Start time

first, second, and third releases.
DT1, DT2, and DT3 - Duration of the

El , E2 , and E3 - Ene r gy o f the first, second, and third releases.
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| Tabic 4.6 2 j

[ Distribution of Source Terms for Event Type 1 j

j liigh g Seismic Initiators

!
1

) BEFORE PARTITIONING:
|

[ NUMBER OF SOURCE TERHS IN GRID - 570
i

j 0 1 2 3 4 5
; 5 0 0 0 0 0 2

! 4 0 0 0 0 0 16

! 3 0 0 0 0 0 33 ,

! 2 0 0 0 0 3 65 ~!
'

1 0 0 0 0 29 24
0 0 0 0 7 172 2H

FRACTION OF ORIGINAL FREQUENCY REMAINING - 1.(0000

0 1 2 3 4 5

! 5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00018
, 4 0.00000 0.00000 0.00000 0.00000 0.00000 n.04237
| 3 0.00000 0.00000 0.00000 0.00000 0.00000 0.08880

2 0.00000 0,00000 0.00000 0.00000 0.00021 0.06230
j
1 1 0.00000 0.00000 0.00000 0.000.' O.01032 0.17170
} O 0.00000 0,00000 0.00000 0.00333 0.19300 0.42779

FRACTION OF ORIGINAL Eli RISK REMAINING - 1.00000

j_ 0 1 2 3 4 5

| 5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00583
; 4 0.00000 0.00000 0.00000 0.00000 0.00000 0.39060
| 3 0.00000 0.00000 0.00000 0.00000 0.00000 0,43626 |

'

2 0.00000 0.00000 0,00000 0.00000 0.00017 0.10128'

1 0.00000 0,00000 0.00000 0.00000 0.00419 0.06166

0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

FRACTION OF ORIGINAL Cll RISK REMAINING - 1.00000

0 1 2 3 4 5

5 0.00000 0.00000.0.00000 0.00000 0.00000 0,00124

4 0.00000 0.00000 0.00000 0.00000 0.00000 0.14170
3 0,00000 0.00000 0,00000 0.00000 v.00000 0.30274
2 0.00000 0.00000 0.00000 0.00000 0.00019 0.11638
1 0.00000 0.00000 0.00000 0.00000 0.00805 0.21859
0 0.00000 0.00000 0.00000 0.00000 0.00303 0.20806

_

4-96

--._-__---- _-- _-__ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _______



__ . . _ _ _ _ . _ _ _ _ . _ . . _ - - _ _ . _ _ . . . . _ . _ _ _ . . _ _ . . . _ . . _ . _ . . _ _ _ _ . _ _ - - _ _ - _ _

i

Table 4.6-2 (Concluded)
Dist.ribution of Source Teries for Event Type 1

liigh-g Scistnic Initiators

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

AITER PARTITIONING:
5

NUMBER OF SOURCE TERMS IN GRID - 69 :

0 1 2 3 4 5
'

5 0 0 0 0 0 2

4 0 0 0 0 0 0
'

3 0 0 0 0 0 0
2 0 0 0 0 3 0
1 0 0 0 0 0 15
0 0 0 0 7 25 17

FRACTION OF ORIGINAL FREQUENCY REMAINING - 0.02188

0 1 2 3 4 5
,

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00018 ;
|4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00021 0.00000
1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00462
0 0.00000 0.00000 0.00000 0.00333 0.00921 0.00433

FRACTION OF ORIGINAL Eli RISK REMAINING - 0.00763

0 1 2- 3 4 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00583
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000

'

2 0.00000 0.00000 0.00000 0.00000 0.00017 0.00000
1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00162
0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.

FRACTION OF ORIGINAL Cil RISK REMAINING - 0.00786
[

"

0 1 2 3 4 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00124
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 r

2 0.00000 0.00000 0,00000 0.00000 0.00019 0.00000-

1 0.00300 0.00000 0.00000 0.00000 0.00000 0.00540
0 0.00000 0.00000 0.00000 0.00000 0.00020.0.00082

4
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for All Initiators
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'' 5 total frequency of all source terms of that event type that is i; the eachih

cell, the third grid shows the fraction of the total EH effect weight risk
tbat is in each cell, and the f ourth grid shows the fraction of CH effect
weight risk that is in each cell. The second page of Table 4.6-2 is

]- labeled "AFFER f ARTITION1NG" and shows the distribution of the source terms
remaining after the partitioning is completed. As described above in
section 4.6.3.6, these remaining source terms are assigned to the nearest

a similar event type The FRACTIL OF ORIGINALdef:ined partition gr oup of
FR EQUENCY REMAINING shows, for the event type under consideration (i.e.,

570 aource terms for high-g seismic case), the traction of frequency for
all the source terms remainin;, in grid after removal of source terms in
each partition group tbat is defined compared to the original 570 source
terms For example, befort partition 1' all source terms are in the grid
and the fraction is 1.0; after the M tion of twenty partitions only
source terms contributing 2.188% of ti tiginal frequency remain in the _

grid. Similar f r vt iom are uhow" ft. che EH and CH effect weights

similar summaries are shown in Tchles 4.6-3 and 4.6-4, for the seismic low-

g scenarios and the internal, fire, and flood scenarios combined. In .

Appendix D.4, D.5, and D.6, the actual partition output is listed for each

event type S h o *.. n in this output is ti location of the group being
defined, the number of source terms in the group, the accident progression
bin attributes of the source terms composing the group, the fraction of
t. o t a l frequency in the group, the fraction of early health ef fect weight
risk in the group, the fraction of chronic health effec * weight risk in the
group, and the mean, uinimum, and maxinum of the evacuation and source term
parameters and release fractions for the group. A total of 20 high-g, 23

*
grand total of 97low-g, and 54 other partitions were defined for a

partitions Table 4.6-5 lists the final mean source terms for these 97
partitloa groups By looking in the appropriate appendix, one can see
exactly which cell each partition group is being defined for, and how many
source terms and parameters are being used in t he def'nition. >

~ Although not pact of the source term deiinition, Table 4.6-5 also contains -

the mean frequency for the source term group, the ("ent type, and the mean '

value for the difference between the time at which ri ase starts and the

time at which evacuat ion starts (labeled dEVAC in the table). A positive

value of dEVAC indicates that the evacuation start. wfore the release and

t negative value of dEVAC indicates that the evac. lon starts after the
frequency for a source term partition group i. s obtainedrelease the mean

by summing the frequencies of all source terms assigned to the partition
group and then dividing by the sample size (400 in this analysis).

s.c a n release tractions are associated with partition groupsThe higbee
IAS-2, 5, 1, ??, 23, 25, 27, 32, 46, 44, 56, 61, and 73. These partition

roups are all in the upper right quadrant of the grid, i.e., the (3,5),

(4,5), or (5,5) cells, and represent source terms with large early and
chronic health potential. Groups 2 and 5 are from the high-g seismic
analysis, groups 21, 22, 23, 25, 27, and 32 are from the low-g seismic

.

analysis, and groups 46, 49, 56, 61, and 73 are from the internal, fire,
!
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1

-Table 4.6-3
-Distribution of Sourco Terms for Event Type 2

-low-g Seismic Initiators

#

BEFORE l'ARTIT10NING:

NUMBER OF SOURCE TERMS IN GRID - 2972
l

0 1 2 3 4 5

5 0 0 0 0 0 7

4 0 0 0 0 0 42
3 0 0 0 0 0 163 l

2 0 0. 0 0 40 259
1 0 0 0 0 196 122
0 0 0 0 45 644 1454

FRACTION OF ORIGINAL FREQUENCY REMAINING - 1.00000

0 1 2 3 4 5

5 0.00000 0.00000 0.00000 0.00000-0.00000 0.00034
4 0.00000 0.00000 0.00000 0.00000 0 00000 0,00803
3 0,00000 0.00000 0.00000 0.00000 0.00000 0.15456

2 0.00000 0.00000 0.00000 0.00000 0.00105 0.04100
1 0.00000 0.00000 0.00000 0.00000 0.03217 0.05525
0 0.00000 0,00000 0.00000 0.00769 0.33987 0.35995

FRACTION OF ORIGINAL EF RISK REMAINING - 1.00000

0 1 2 3 4 5

5 0.00000 0,00000 0.00000 0.00000 0.00000 0.01643

4 0.00000 0.00000 0.00000 0.00000 0.00000 0.11119
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.73743-
2 0.00000 0.00000 0;00000-0.00000 0.03152 0.08707

1 0.00000 0.00000 0.00000 0.00000 0.01946 0.02690
0 0.00000.0.00000 0.00000 0.00000 0.00000 0,00000

FRACTION OF ORIGINAL CF RISK REMAINING - 1.00000

0 1 2 3 4 .5
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00244
4 0.00000 0.00000 0.00000 0. 3000 0.00000 0,02868

3 0.00000 0.00000 0.00000 0.00000 0.00000 0.65072
2 0.00000 0,00000-0,00000 0.00000 0.00092 0.07468
1 0.00000 0.00000 0;00000 0.00000 0.02502-0.07517

0 0.00000 0.00000 0.00000 0.00000 0.00836 0.13401~
_
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Table 4.6-3 (Concluded)
Distribution of Source Terms for Event Type 2

Im -g Seismic Initiators

_ _

AFTER PARTITIONING:

NUMBER OF SOURCE TERMS IN GRID - 210

0 1 2 3 4 5

5 0 0 0 0 0 1

4 0 0 0 0 0
3 0 0 0 0 0 26
2 0 0 0 0 40 0
1 0 0 0 0 33 0 -

0 0 0 0 45 56 0

FRACTION OF ORIGINAL FREQUENCY RD4AINING - 0.01538

0 1 2 3 4 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00007
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00164
2 0.00000 0.00000 0.00000 0.00000 0.00105 0.006,0

1 0.00000 0.00000 0.00000 0.00000 0.00120 0.00000
0 0.00000 0.00000 0.00000 0.00769 0.00372 0.00000

FRACTION OF ORIGINAL EF RISK REMAINING - 0.01389

0 1 2 3 4 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00047
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00116
3 0.00000 0.00000 0.00000 0.00000 0,00000 0.00985

2 0.00000 0.00000 0.00000 0.00000 0.00152 0.00000 ~

1 0.00000 0.00000 0.00000 0.00000 0.00089 0.00000
0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

FRACTION OF ORIGINAL CF RISK REMAINING - 0.00591

0 1 2 3 4 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00006
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00033
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00370
2 0.00000 0.00000 0.00000 0.00000 0.00092 0.00000
1 0.00000 0.00000 0.00000 0.00000 0.00082 0.00000
0 0.00000 0.00000 0.00000 0.00000 0.00008 0.00000

4-101
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Table 's.6-4
Distribution of_ Source Terms for Event Type 3

Internal,- Fire, and Flood Initiators

f

BEFORE PARTITIONING:

NUMBER OF SOURCE TERMS IN GRID - 72138

0 1 2 3 4- 5

5 0 0 0 0 192m

4 0 0 0 0 20 1521
3 0 0 0 473 811 4322
2 0 0 3 819' 2788 4393
1 0 29 272 1785 4717 2626
0 0 1571 4674 3494 15246 22382-

FP. ACTION OF ORIGINAL PRFQUENCY REMAINING - 1.00000
.

0 1 2 3 4 5 -

5 0.00000 0.00000 0.00000 0.00000 0,00000 0.00016

4 0.00000 0.00000 0.00000 0.00000 0.00002 0 01231
3 0.00000 0.00000 0.00000 0.01330 0.00389 0.02676
2 0.00000 0.00000 0.00000 0.06061 0.06716 0,04519

1 0.00000 0.00003 0.00409 0.02994 0.04032 0.01450
'O 0.00000 0.01499~0.09585 0.21219 0.17709 0.18161

FRACTION OF ORIGINAL EP RISK REMAINING - 1.00000

0 1 2 3 4 5

5-0.00000 0.00'00 0.00000 0.00000 0.00000 0.00785
4 0,00000 0.00000 0.00000 0.00000 0.00026 0.22936~

3 0.00000 0.00000 0.00000 0.07613 0.02128 0.19612 .

2 0.00000 0.00000 0.00000 0.14881.0.12283 0.14344
1 0.00000 0.00002 0.00212 0.02045 0.02490 0.01244
0 0.00000 0.00000 0.00000 0.00000 0.00000~0.00000

FRACTION OF ORIGINAL GF RISK REMAINING - 1.00000

0 1 2 3 4- 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00269
4 0.00000 0.00000 0.00000 0.00000 0.00003 0 09438.

3 0.00000 0.00000 0.00000 0.00279 0.00333 0.22049
2 0.00000 0.00000 0.00000 0.00911 0.12898 0.26903
1 0.00000-0.00000 0.00014 0.00475 0.06147 0.06607
0 0.00000 0.00000 0.00000 0.00006 0.00/57 0.12910
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Tabic 4.6-4 (concluded)
Dir;tribution of Source Terms for Event Type 3

Internal, Fire, and Flood Initiators

_

AFTER PARTITIONING:

NUMBER OF SOURCE TEPJ45 IN GRID - 1581

0 1 2 3 4 5

5 0 0 0 0 0 192

4 0 0 0 0 20 0

3 0 0 0 130 198 0

2 0 0 3 0 0 0

1 0 24 277 0 0 737 --

0 0 0 0 0 0 0

FRACTION OF ORIGINAL FPSQUENCY REMAINING - 0.00748

0 1 2 3 4 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00016
4 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000

"
3 0.00000 0.O')000 0.00000 0.00065 0.00153 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
1 0.00000 0.00003 0.00409 0.00000 0.00000 0.00100
0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

FRACTION OF ORIGINAL EF RISK REMAINING - 0.02184

0 1 2 3 4 5

5 0.G3000 0.00000 0.00000 0.00000 0.00000 0.00785
4 0.00000 0.00000 0.00000 0.00000 0.00026 0.00000
3 0.00000 0.00000 0.00000 0.00387 0.00695 0.00000
2 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000

-

1 0.00000 0.00002 0.00212 0.00000 0,00000 0.00077
0 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000

FRACTION OF ORIGINAL CF RISK REMAINING - 0.00712

0 1 2 3 4 5

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00269
4 0,00000 0.00000 0.00000 0.00000 0.00003 0.00000

3 0.00000 0.00000 0.00000 0.00017 0.00078 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
1 0.00000 0.00000 0.00014 0.00000 0.00000 0.00331
0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

. _ _
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Table 4.6-5 (Continued)
Hean Source Terms Resnitins Eram Fartitioning - LaSaile,

-|.

Source Freq. Event Wern dEvac Elev Energy Start Dur
Ters (llyr) Tyna (s) (s) imi (w) (sl__ (s) Rel+sse Fractions

NG I Cs To Sr Ru Le Ce Pa [
1LAS-31 1.3E-08 2 5.2E+04 3.9E+04 9. 4.2E+0B 9.3E+04 P.0E+02 7.9E-01 4.1E-02 4.9E-02 9.2E-02 2.3E-02 8.6E-04 1.4E-03 2.3E-03''1.7E-02

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00' O.0E+00 [

.,

2.9E+07 9.4E+04 2.2E+04 2.1E-01 2.3E-02 2.6E-02 3.2E-02 2.4E-02 1.4E-04 2.0E-03. 3.1E-03 '2.0E-02 I
t

LAS-32 2.3E-10 2 4,EE+04 2.3E+04 30. 4.7E+08 7.1E+04 9.0E+02 6.6E-01 3.2E-01 3.3E-01 3.0E-01 2.6E-01 5.7E-02 '2.5E-02 1.1E-01; 2.7E-01 j0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 .0.0E+00 0.0E*00 0.0E+00 0.0E+00 t

3.2E+D7 7.1E+04 2.2E+04 3.4E-01 3.4E-01 3.4E-01 3.2E-01 3.4E-01. 3.0E-03 3.9E-02 6.3E-02 3.2E-01 e

LAS-33 4.5E-09 2 5.3E+04 4.4E+04 30. 3.3E+08 9.8E+04 9.0E+02 4.8E-01 4.7E-02 5.2E-02 6.2E-02 4.7E-02 9.7E-34 2.3E-03 2.6E-03 3.6E-02 x

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00u 0.0E+00 0.0E+00 0.0E+00 '

1.5E+0? 9.9E+04 2.5E+04 5.2E-01 1.5E-01 1.6E-01 1.1E-01 6.5E-02 4.4E-04 2.6E-03 3.4E-03 4. 8E-02 ' '

LAS-34 1.5E-08 2 4.8E+04 4.6E+04 30. 3.6E+08 9.6E+04 9.0E+02 5.7E-01 8.2E-02 8.8E-02 3.5E-02 1.8E-03 7.3E-04 ;2.6E-04 3.1E-04 L1.5E-03 I
,

g3 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00-
|

,

* 2.0E+07 9.7E+04 2.4E+04 4.32-01 1.0E-01 1.1E-01 3.9E-02 1.83-03 '2.8E-05 9.2E-05 1.2E-04- 1.5E-03 ';p.
'o

'J LAS-35 1.6E-07 2 5.1E+04 4.9E+04 30, 4.6E+08 1.0E+05 9.0E+02 9.0E-01 5.4E-02 5.2E-02 2.1E-02 4.8E-03 8.8E-04' 6.1E-04 7.3E-04 .4.0E-03 *

0.0E+00 0.0E+00 0.0E+00 0.0E-00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00
3.2E+07 1.0E+05 2.2E+04 1.0E-01 8.2E-03 7.6E-03 3.3E-03 9.4E-04 8.2E-05 9.1E-05 1.2E-04 7.1E-04-

LAS-36 4.0E-08 2' 3.1E+04 4.2E+04 30. 3.6E+08 7.4E+04 9 0E+02 9.2E-01 6.7E-03 7.0E-03 4.4E-03 2.3E-03 9.9E-05 1.2E-04 1.8E-04 1.3E-03
0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0,0E+00 'O.0E+00 0.0!+00 0.0E&OO O.0E+00 ,

1.5E+07 7.5E+04 2.4E+04 7.9E-02 2.7E-02 2.1E-02 8.2E-03 1.2E-03' 1.2E-05 9.0E-05 1.5E-04 9.3E-04
[

6 LAS-37~ 4.0E-08 2 5.5E+04 3.tE4 04 30 3.7E+08 9.3E+04 9.0E+02 7.2E-01 1.0E-02 9.3E-03 8.9E-03 3.8E-03 7.7E-04 4.5E-04~ 7.5E-04'3.3E-03 j
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
2.0E+07 9.4E+04 2.4E+04 2.8E-01 1.7E-02 1.6E-02 1.4E-02 3.9E-03 3.1E-04 2.8E-04 3.4E-04 3.0E-03 {

* LAS-33 8.3E-09 2 3.1E+04 $.9E+04 30. 3.7E+08 9.3E+04 9.0E+02 6.9E-01 6.8E-02 6.8E-02 6.EE-02 4.1E-02 5.3E-06/1.3E-03 2.1E-03 2.7E-02 n 1

: 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0 0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00- 0.0E+00 0.0E+00
2.2E+07 9.4E+04 2.3E+04 3.1E-01 2.6E-02 2.8E-02 2.7E-02 1.6E-02 1.1E-06 J'.4E-04 9.21-04 1.1E-02

'LAS-39 1.1E-07 2' 5.6E+04 5.8E+04 30. * 0E+08 1.2E+05 9.0E+02 5.2E-01 2.2E-03 2.1E-03 7,0E-04 9.6E-05 5.3E-05 '1.9E-05 '2.1E-05 '8.1E-05.

'O.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 .0.0E+00 0.0E+00 .0.0E+00 0,0E+00'

1.3E+07 1.2E+05 2.5E+04 4.8E-01 2.4E-03 2.2E-03 7.7E-04 1.0E-04 5.2E-05 2.1E-05- 2.0E-05 8.4E-05
,

LAS-40 5.7E-06 2 5.5E+04 4.3E+04 30. 4.6E+08 1.0E+05 9.0E+02 9.0E-01 2.0E-03 1.5E-03' 1.8E-03 7.' 0E-04 1.9E-04''4.7E-04 3.FE-04' 6.3E-04'- 1

O.0E+00 0.0E+00 0.0E+00 0.0E+C0 0.0E+00 0.0E+00 .0.0E+00 0.0E+00 0.0E+00" O.0E+00 0.0E+00 .0.CE+00
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and flocd analysis. All.of these partition groups appear as one of the top
five of 9.e groups contributing to the release fractions for one of the-

release classes i.e., NC, I, Cs, Te, Sr, Ru, La, Ce, or Ba. It is not
possible to pick one group that has the largest release fractions for all
the classes at once; however, 21 ..! 22 are largest for 1 and Cs, 5 and 49
are largest for To and Sr, and . and 49 and largest for Ru, La, Co. and
Ba.

For the 20 high-g seismic part' tion groups, 3 groups were defit.ed using 1
patameter, I using 5 parameters, and 16 u'tng all 12 parameters. Eleven of

the partition groups were formed based on Eli risk, 2 on Cll risk, and 7 on
frequency, For the 23 low g seismic partition groups, 3 groups were
defined using 1 parameter, 2 groups using 3 parameters, 2 groups using 5
parameters, and 16 groupc using all 12 parameters. Fourteen partition
groups were formed based on Ell risk, 4 on Cll risk, and 5 on frequency. For
the 54 internal fire, and flood partition groups, 12 groups were defined,

using 1 parameter, 9 groups using 3 parameters, 3 groups using 4
parameters, 4 r,roups using 6 parameters, 3 groups unir.g 10 parameters , 2
groups using 11 parameters, and 21 groups using all 12 parameters. Thirty-

fh rt2k, and 17 ontwo partition groups were formed on Ell risk, 5 op
frequency.

b

By examining the nartition output in Appendix D, one - can determ!no the ,

homogeneity of the groups both in terms of the ; arameter variability and in
terms of the accident progression hin attributes of the source terms that-
make up the group definition. In many cases, even though only a few
parameters were used to define t.he group, all cf the parameters actually
have a small sariation for that group. This comes about because, even

though the source term parameters could not be grouped into one of the
parameter suhranges, they most likely fell inco adjacent subranges.

4

In general, we feel that this new partition process results in a -

substantini improvement in the accuracy of the representation of source
term characteristics for input into the consequence calculation and a
substantial improvement over the initial process used in NUREG-1150.
Iloweve r , there are still some limitations in the current process such as:

1. Due to resource limitations the codes are still not easy to run and
,

require several steps. The COMBIN code should be made part of the |
'PARTITION code with options to specify which combinations of event

types are to be partitioned separately and the STER code should
also be made part of pART1 TION with options to define the
evacuation assumptions for each event type so that the MACCS input
files can be created direc tly from the partition run. These

L changes would greatly simplify that interface between the
partitioning process and the consequence calculation make the
process much caster to perform.

2. The parameters to be used in the pattition process need more
evaluation before a final group can be selected. The purpose of

i
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these parameters is to make,the cource_ term groups defined.In the
partition process homogeneous enough ' so that ' the consequences
calculated by MACCS reasonably approximate the actual results that
would. be expected if_a MACCS calculation was performed for every
source term. Since the partitioning is done on potential effects,
-it is important that any parameters that will impact the conversion
of this potential into actuality in the MACCS calculation should be
as homogenous as possible.

It is clear that dEVAC, which is the first release time minus the
warning time minus the delay time (i.e., T1 - TW - TDELAY), is a -

critical determiner of the consequences to be expected . from a
particular source _ term. This parameter determines whether or not
aople will be caught by the release and is critical to the

deterraumcion of the early fatalities. For this analysis, it war
specified that the partitioning be done on the basic parameters T!
TDELAY , ana TW, rather than on the combined parameter dEVAC. 'Q
examining the PARTITION code output in Appendix D.6, one sees, for
example, that partition group 2 for event type 3 has a ~dEVAC
ranging from -1.883E403 to +2.21?E+04 sec. 91nce the mean value of
dEVAC for this group is +1.577E+04 sec, it is clear that the source

_

terms which have negative dEVACs are not dominant in the group
definition. However, these source terms are the ones which -will
come closer to realizing their health effect potential and vill,-

therefore, contribute to the final Di risk much more than their
original fraction might indicate. Therefore, a nonconservative
result is likely. It is our opinion, that the combined parameter
should be used in future calculations.

3. As can be seen in the full PARTITION output shown in Appendix D,
the number of parameters used in-the definition of a group can- be
very small. A better process would require that a minimmn number-
of parameters be used in the initial definition of the partition
groups and then the number could be relaxed for the definition of
the partition groups for the remaining-source-terms.
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5.0 CONSEQUENCE ANALYSIS

5.1 Introduction

offsite consequences were calculated with the MACCS L 2.3 code for each of
the source term-groups defined in the partitioning process. This code has
been in use for some tin,e and will not be described here . in any detail
Although the variables thought to be the largest contributors to the
uncertainty in risk were sampled from distributions in the accident
frequency analysis, the accident progression analysis. and the source term
analysis, there was no analogous treatment of uncertainties in the-
consequence analysis. Variability in the weather was accounted for; but,

_

the uncertainty in other parametern such as the dry deposition velocity or
the evacuation speed was noc considered. The uncertainty in the warning
time was assessed in the source term analysis and'was used to define the
source term groups analyzed in the consequence analysis. The impact of the
v.ncertainty in the warning time is, therefore, indirectly accounted for.

5.2 Description of the Conseauence Analysis

MACCS tracks the dispersion of the radioactive mater 3al in the atmosphere
as it travels away from the plant. During its transport, the material is
subject to deposition on the ground. MACCS then calculates the effects of
this radioac tivity on the population and the environment. Doses and the
ensuing health effects from 60 radionuclides are computed.

MACCS treats atmospheric dispersion by the use of multiple, straight-line
Gaussian plumes. Each plume can have a different direction, duration,-and
initial radionuclide inventory. Cross-wind dispersion is treated by r
multi-step function approximating the Caussian. Dry and wet deposition are
treated as independent processes. The weather variability la treated by
means of a stratified sampling process which divides the year: of weather-
into 32 categories.

For early exposure, the following pathways - are modeled: =cloudshine,
inhalation from the plume , . groundshine , - deposition on the s k in ,-. and
inhalation of resuspended ground contamination. For :the long-term-
exposure, the following four pathways are modeled: groundshine, inhsl.4 tion'

of resuspended ground contamination, ingestion of contaminated water, and-

..
ingestion of contaminated food. The direct exposure pathways. groundshine,
and inhalation of resuspended ground contamination produce doses in the'

population living in the area surrounding the plant. The indirect exposure
pathways, ingestion of contaminated water and food, produce doses in those

| who ingest food or water emanating from the area around the accident site.
! The contamination of water bodies is estimated for the washoff of. land-

deposited material as well as direct deposition. The food pathway model
includes direct deposition onto crop and uptake from the soil.

Both short-term and long term mitigative measures are modeled in MACCS.
Short-term actions include evacuation, sheltering, and emergency relocation

5-1
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out of the emergency planing zone (EPZ) based on estimated dose (i.e., hot- |
spot or normal relocation). Long term actions include later relocation and |

agricultural restrictiora on land use and crop disposition. Relocation and j
land decontionination, interdiction, and condemnation are based on projected J.

long-term doses from groundshine- and inhalation of resuspended
radioactivity. The dispocal of agricultural products and the removal of -

farmland f rom crop production are based on ground contarnination criteria.

i

The health effects models use the dose roccived by an organ to predict )
rno rbi d i ty (i.e., inj ury) or mortality. The models used in MACCS calculate
both short -term and long-t erm e f fects for a number of organs.

1
I

The MACCS consequence model calculates a large number of different i

consequence measures. Results for the following six consequence measures i

are given in this report: carly fatalities, total latent cancer fatalities,
popula' l on dose within 50 miles, population dose for the entire region,-
carly Jatality risk within 1 mile, and latent cancer fatality risk witnin
10 miles These consequence measures are described in Table 5.2-1. For

! the non-seismic accidents, 99.5% of the population is assumed to evacuate

| and 0.5' of the population is assumcd not to evacuate, continuing normel
activity during an accident. The treatment of the scismic accidents is
r., omewha t different and is described in the next section. Details of the

i methods used to incorporate the consequence results for the source term
groups into the integrated risk analysis are the same as for NUREG-1150
which were described in Volume 1 of NUREG/CR-4551 *

S.3 [MCCS Input for LaSalle

The values of most MACCS input parameters (e.g,, aerosol dry deposition
velocity, health ef fect s model parameter values, food pathway transfer
factors) are not ' s trongly dependent on site characteristics when a large
region surrounding the site is being considered. For those parameters - that
depend on site chara teristics (e.g., evacuation speed, shielding factors,
farmland usage), the methods used to calculate the parameters are
essentialty the snee for all sites. Unless specifically mentioned in this
chapter, all MACCS input for LaSalle is the same as was used for NUREG-ll50,
which is documented in Volume 2, part 7 of NUREG/CR 4551.4

Table 5.3-1 lists the MACCS input parameters that have strong site
dependencies and presents the values of these parameters used in the

|- calculations for the LaSalle site The evacuation delay period begins when
general emergency conditions occur and ends when the general-public starts!

- ..

* E. D. Gorham, J. C. Helton, R. J. Breeding, S. C. llo ra , W. B. Murfin,

J. L. Sprung, and F, T; Harper, "Evaluatton of Severe Accident Risks:
Methodology for the Accident Progression, Source Term, Consequence,
Risk Integration and Uncertainty Analyses," NUREG/CR-4551, Vol. 1, Rev.

i. 1, SAND 86 1309, Sandia Nacional Laboratories, in preparatlon.
|

|

,

i

|

|
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Table 5.2-1
Definition of Consequence Analysis Resul's

Variable Definition

Early Fatalitie. Total number of fatalities occurring within
1000 miles of the plant within one year of the
accident.

Total Latent Cancer Total number of latent cancer fatalities due to
both early and chronic exposure within 1000
miles of the plant.

.>pulation Dose Population dose, expressed in effective dose -

'41 thin 50 Miles equivalents for whole body exposure (person-
rem), due to early and chronic exposure
pathways within 50 miles of the reactor. Due
to the nature of the chronic pathways models,
the actual exposure due to food and water
consumption may take place beyond 50 miles.

Population Dose Population dose. expressed in effective dose ,

Within Entire Region equivalents for whole body exposure (person-
rem), due to early and chronic exposure
pathways within 1000 miles of the plant.

Individual Early The probability of dying within one year of
Fatality Probability the accident for an individual within one mile
Within One Mile of the exclusion boundary (i.e., E (ef/ pop)p,

where of is the number of ectly fetelities, pop
is the population size, p is the weather
condition probability, and the summation is

,

over all weather conditions). The appropriate
evacuation assumptions are also applied to the
population used in this calculation.

Individual Latent Cancer The probability of dying from cancer due to

Probability Within the accident for an individual within 10 miles
10 Miles of the plant (i.e., E (cf/ pop)p, where cf is

the number of cancer fatalities dt.e to direct
exposure in the resident population, pop is the
population size, p is the weather condition
probability, and the summation is over all
weather conditions; chronic exposure does not
include ingestion but does include integrated
groundshine and inhalation exposure from t - O

=) The appropriate evacuationto t -

assumptions are also applied to the population
used in this calculation.

5-3
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Table 5.3 1
Site Specific Input Data for LaSalle MACCS Calculations

_

|
Parameter ;

!
1

Reactor Power leyc1 (MVt) 3292 i
,

Containment lleight (m) 50 'I

Containment Width (m) 50

Exclusion Zone i,istance (km) 0.52 !

Evacuation Delay (h)'

Internal, Fire, and Flood 0.583
Soismic 0.875

Evacuation Speed (m/s)
Internal,-Fire, and Flood 2,3

Seismic 1.15

Farmland Fractions by Crop Categories
Pasture 0.47
Stored Forage 0,10

Grains 'O.26
Green Leafy Vegetabics 0.0003
Legumes and Seeds 0.13
Roots and Tubers 0.002
Other Food Crops 0.001

Non-Parm Wealth ($/ person) 86,000

Farm Wealth
value ($/ hectare) 3305
Fraction in Improvements Oil)

,

..

54
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to evacuate Non-farm wealth includes personnel, business, and public
property. The farmland fractions do not add to one because not all
farmland is under cultivation in any given year. In addition to the site
specific data presented in Table 5.3-1, the calculations used one year of
meteorological data trom the LaSalle site and regional population data
developed from the 1980 census tapes modified by updated NRC data for the
0-10 mile region. Table 5.3-2 gives the population within certain
distances of the plant as summarized from the MACCS demographic input.
Table 5.3-3 lists the shielding parameters used in this analysis.

The evacuation parameters for the seismic risk analyses differed from those
for the fire, flood, and internal events analyses. For the purpose of
defining appropriate emergency iesponse scenarios, the source term groups
were segregated into two groups (1) internal, iire, and flood initiators,
and (2) seismic initiators (both low and high-g). For group 1, the NUREG- -

1150 approach was utilized. That is, 99.5% of the emergency planning zone
(EPZ) population was evacuated from the region, 0.5% of the EPZ population
remained behind and was subj ec t to hot-spot and normal relocation, and a
supplementaty sheltering case was included for the purpose of comparison.
For the seismic cases, group 2, a new approach was devised which represents
an improvement ovel NUREC-1150.

The need for modifying the NUREG-1150 approach for seismte events resulted
from concerns over the handling of the low-g cases For the low-g cases in
NUREG-1150, the shielding factors for normal activity were modified to
re fl ec t the effect of broken windows by increasing the shielding factors
(leading to higher doses) for inhalation and groundshine. Those shielding
factors were i nc re..s e d for the entire geographic area (1609 km radius) and

were used for calculating the resultant dose over a million year exposure
period. Since the extent of earthquake damage is likely to be limited to
some tens of k i '.ome t e rs and recovery actions would be taken to repair
broken windows, it is not realistic to postulate broken windows everywhere
and forever. For this analysis , it was decided that using the same values

_

as in the corresponding non-seismic cases would be more appropriate. The
more accurate treatment outside the EPZ would more than compensate for some
non-conservatism in the treatment within the FPZ.

For I.aSalle, three different emergency response assuirptions were utill:ed
for the seismic initiators. Although the seismic source terms were
segregated into two classes depending on the type of initiating event
(either low-g or high-g), the same three scenarios (i.e., cohorts) were
used for all seismic initiators MACCS calculates the consequences for
each cohort assuming the whole population is subject to that cohort's
emer gency response assumptions. The results for each seismic class are
then calculated by weighting the individual cohort results by the fraction
of the population participating in each emergency response for that seismic
class. This approach allows flexibility since modifications of the
weighting fractions do not entail rerunning FLACCS, alternative results can
be obt.ained by rerunning only the post-processor PRPOST (i.e., MACCS does
not, itself, combine the different emergency responses for the portions of

5-5
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Table 5.3 2

Population Within Different Radii From the Plant

.. -~

E3J11ntltoJLflant hen)atinn

(km) ImL1rd
1 6 1.0 24
4.h 3.0 309

16.1 10.0 14,730
48.3 30.0 217,620

160.9 100.0 10,372,934 ?

563,3 350,0 48,584,604 -

1609.3 1000.0 l'79,831,712

There is considerabic variation in the sector populations (out to 1000
population of about 53 million and themiles) as well. The E sector has a c

ESE, SE, and SSE sectors each have populations of 15-18 million each, while
the ti and tirN sectors have populat ions of about 2 million each.
_ _ _

W
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Table 5.3-3
Shielding Factors Used for leSalle MACCS Calculations

Population Response

Normal Take

|- Radiation Pathway _ Evacuate .Activitv, Shelter

Internal, Fire, and Flood Initiators>

Cloudshine 1.0 0.75 0.50
;.

Groundshine 0.5 0.33 0.10
Inhalation 1.0 0.41 0.33
Skin 1.0 0.41 0.33

Seismic Initiators - Degraded Evacuation Cohort

Cloudshine 1.0 0.75
Groundshine 0.5 0.33
Inhalation 1.0 0.41<

Skin 1.0 0.41

12 and 24 hour Exposure CohortsSeismic Initiators -

tiithin EPZ Beyond EPZ

Cloudshine 1.0 0.75
Groundshine 0.5 0.33
Inhalation 1.0 0.41
Skin 1.0 0,41

|

5-7
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the populat ion af fected by each emergency response assumption, this is done
in PRPOST) . PHPOST is a modification of PRAMISS which allows for - the
processing of the f ull consequence distributions, not just the means, and

q
the plotting of the risk complementary cumulative dist ribution functions ;

(CCDPs) shown in Chapter 6. Current ly the PRPOST code is undocumented and,

not availabic for release. For the LaSalle analycis, PRPOST was modified -|
'

ulightly from the version used in NUREC-1150 to allow the user to input
ditierent weighting fractionu for each event type. non-neismic --low-g
neiennic, and high-g seinmic for this analynis).

The three seismic cohorts were defined within the 10-mile EPZ as follown. |

(1) a degraded evacuation where the speed was cur in half and the delay !
time increased by 50s c= done in NUREU-1150, (2) a 12-hour exposure period
starting from accident initiation, and (3) a 24 hour exposure period ;
st.arting from accident initiatlon. Evacuation speed and delay time for t he |

| seismic casen are shown in Table S.3 1. Shielding factors ut_Ill:cd for the ]
| noismic canes are shown in Table 5.3-T. The weighting iractionn used by '

| MACCS for the ocismic cases were as follown,
!

|

| law 2g Illi'hng
|- Degraded Evacuation 1.0 0.7
| I? hoar Relocatton 0.0 0.2
| 24 hour Relocatlon 0.0 0.1
l

| These f rat tlons are uned to determine the number of people that participate
i in the various evacuation assumptionn (e g., for high-g seismic accidents,
| 70% of the populat ion par ' : pat es in a degraded evacuation),

5.4 litsiltn_pl_1%CD Cenntmlence CalculnLLelui
i

l The resultu given in this sectton are conditional on the occurrence of a
|-

| relenne That is, given that a release takes place, with release
fractione and other characterist icn an defined by one of the source term
groupu; then the consequences reported in this section are calculated.
The tables and figuren in thin ucction contain no information about the
I requency wi t h which these consequences may be expected. Information;

j nhout the i rr quenc ies of consequences of various magnituden in contained
in the rink reunita described in Chapter 6. The int egra t ion of the;

probabilistic rink annessment unes the results of the MACCS consequence
'

calculations in two forms

In'the first form, a single mean (over weather variation) renuit in
reported for each consequence measure This produces a nSTG x nC matrix
of mean -'unequence meanures, where nSTG is the number of source term
groups and nC in the number of consequence measures under consideratlon.
For LaSalle - (inte rnal and external initiators), nSTG - 98 (97 non-zero
partitions nnd 1 c.ero part i tion) and nc - 6 The 9Hth partition tu in.

case any source terms fall into the special case of no- re lcaye The
renultant 08 x 6 marrix of mean consequence measures 11. shown in Table

S-8
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5 . 4 _1. The source terms that - give rise to - these mean consequence
measures _ are given in Table 4.6-5. Because of z th_e new partitioning
. process, none of - source terms indicated in Table 4.6 5 have a zero
frequency, unlike the NUREG 1150 results, and only the 98th partition has
zero consequences. The mean consequence measures in Table 5.4-1 are used-
by PRAMIS in the calculation of the mean risk results for LaSalle. The
population _ dose is the effective dose equivalent to the population _in the
region indicated. Table E.1-1 in Appendix E provides a breakdown of mean

,

consequence results between individuals who evacuate, continue normal
activities, and actively shelter;_information on the division of results
between early and chronic exposure is also given. In addition to the six
consequence measures which are reported in the text of this report, Table
E.1-1 contains results . for early injuries (prodromal vomiting), economic
cost, and individual early fatality risk at 1 mile.

In the second form, a complementary cumulative distributica function
(CCDF) is used for each consequence measure. Conditional on - the
occurrence of a source term, each of these CCDFs gives the probability
that individual consequence values will be exceeded due to the.
uncertainty in the weather conditions that exist at the t.me of an
accident. These CCDFs are. given ~ In Figure 5.4 la thru 5.4-lf. Each
frame in this figure displays the-CCDFs for a single consequence measure
for all the subgroup source terms - (LS-I-J) in Table 4.6-5 which have a
non-zero frequency. The CCDFs were generated using' the estimate that
99.5% of the population evacuates and 0.5% of the population continues

d normal activities. Each of the mean consequence results in Table 5.4-1
is the result of reducing one of the C_CDFs in Figure 5.4 la thru 5.4-lf
to a single number. The CCDFs in Figure 5,4 la thru 5.4-1f will
subsequently be used to create CCDFs for risk, with the PRPOST code. The
CCDFs for _ risk are presented in the next chapter; they relate consequence
values with the frequency at which these values are exceeded.

.
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6_O HlSK RESULTS FOR LASALLE

6.1 lttLp utur thy

This chapter describes the results of the integrated risk a na l ys, I s for
internal and external i n i t i a t o r r. at the 12Salle p l a n t. Risk is determined
by bringing together the results of four constituent analyses: accident
frequency, accident progression, source term, and consequence analysis.
The phrase int egrat ed risk analysis has the following rue nn ings in this
study. First, it is used to refer to the result when all tour analyses are
conoined and, second, to the expression of ilsk which contains all
init lator s (i.e both int er nal and external initiators). Separate risk,

result s are not presented for internal initiators and external initiators
in this chapter Details on the roethods used in calculating risk can he
found i n Vo l ume 1 of NUREG/CR 4 %),' the methodology report, which is the -

technical suprort document for NUREG-1150.1

Section 6.2 is a discussion of basic risk tesults Section 6.3 addresses
the types of accidents and plant features which are important in
determining the risk at LaSalle, and finally, Section 6.4 presents the
results of a regression analysis performed to determine the important
cont r lhut ors to the uncert aint y in risk The figures and tables in Chapter

a small portion of the total rist output available6 present only
Additional dat a are presented in Appendix F.

6.? Blip sul t utlntttuiigist_hientsl_ln111atm <il

iIgures 6.2-1 thru 6.2-3 show the basic results of the integrated risk
analysis for internal and external ini t int ars at LaSalle These figure;
show the complementary cumulative dis t ribut ion functions (CCDFs) for early
I a t a l i t- l e s , latent cancer fatalitits, populatton dase within 50 miles,
potalation dose within the entire region, indi"idual early fatality
probability within one mile of the site boundary, and individual latent

*

cancer fatality probability wit hin 10 miles. The CCDFs display the
relat ionship between the f requency of the consequence and the magnitude of
the consequence

As there are 400 observations in the LHS2 sample for LaSalle, the complete
set of risk results, at the most basic level, consists of 400 CCDFs for
<sch consequence measure Plots showing these 400 curves are contained in
Appendix F, only four statistical measures of the 400 curves are shown in
Fi r,u r e s t>.?-l thru 6.2-1. These measures are generated as follows. For

.-.n.-an__ a,,s.- u.

* E. D. Gorham, J. C. lle l t on , R. J. dreeding, S. C. llo ra , W. B. Murfin,

J. L Sprung and F T. lla r pe r , " Evaluation of Severe Accident Risks:

Metnodology for the Accident Progression, Source Term. Consequence,
Risk Integration and Uncertaint) Analyses," NUREC/CR-4 %1, Vol . 1, Rev.
1, SAND 86-1309, Sandia Nat ional Laborat or ie s , in preparation.
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4ach consequence valve on the abscissa, thera are 400 values of the
exceedance frequency (one f or each observation or sample el encen t ) and from

--
theu 400 values the mean, it,c d i a n , 95"> percentile, and 5th percentile

} values are calculated. When this is done for each value of the consequence

u.easure and plotted, the curves in Figures 6.2 1 thru 6.2-3 are obtained.
For some of the plots, all the curves are not shove because the exceedance
liequencies all fall below the minimu:n value shown on the pic ts. Figures
6.7-1 thru 6.2-3 give 'be relationship between the magnitude of the
conrwquence and the frequency ct which the consequence is exceeded, as well
as the +ariation in that relationship The percentile curves in Figures
6 .l thru 6.2-3 and similar figures are only valid when read from the

'

abscissa.

The abscissas in F!gure 6.2-3 are differtnt from those in Figures 6.2 1 and
6 ?-2 b(cause they represents conditional probability rather than the r

number of f at alities or the dose, specifically, the probability that an
individual, randomly located in the spatial interval according t. o the ,

population distribution, will die given that the accident occurs. The
ordinate gives the frequency of an accident that produces a conditional
probability t hat exceeds the value on the abscissa. Curves for individual

early fatality probability are not shown because the frequency of obtaining
a value greater than 1.0E-10 for inalvidual earlj fatality probability is
lest than 1. 0E 14/R yr , at the 9 5th percen l'e The absolute value of
these numbers becomes me aningl e s s at this le d and, therefore have not

been presented.

The variation from the 5* to the 9 5"> pe rc antile s indicates the uncertainty
in the risk estimater due to uncertainty in the basic parameters in the
three constituent analyses (the accident frequency, accident progression,
and source term analyres) that are sampled using the 1)lS formalism, The

variation along a curve in Figures 6.2-1 thru 6.2-3 (or along one of the
r, individual curves in Appendix F) is indicative of the variation in risk due

~

O; to different types of accidents (i.e uncertainty represented as,
~

variations in the outcome of the different questions making up the APET)
c @% ,M and due to different weather conditions at the timc of the accident. The

Y- significance of this distinction will be discussed further in Section 6.4
As the magnitude of the consequence measure increases, the mean curve
typically approaches or exceeds the 9 5th percentile curve. This results
when the wean is dominated by a few large observations, which ef ten happens
for large values of the consequences because only a few observations have
nonzero exceedance frequencies for these large consequer es. Fi gt.ce 6.2-1

'

shows the following mean and median exceedance frequencies for fixed values
o t' early iatalities (EF) and latant cancer fatalities (LCF):

Exceedance Frequency (./R-yr)

Consequence Mean Med!(.a

1 EF 2E-10 < 1C-12
_ 100 EF SE-12 < 1E-12

100 LCF 6E-5 lE-5

S000 LCF 2E-5 4E-6
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Although the CCDP for each observat lon conveys the most inf ormat ion about
' risk, a single number may be generated for each consequence measure for !

cach observation. This value, denoted annual risk, is de t e rta i ned by |

sunning t he product of the frecuencies and consequences for all the points
that are used to construct the CCDF for each observation in the sample

i

The construction of annual risk has the effect of averaging over the i

different weather states and the contributions f roin all the different t.ype s
of accidents that can occur. Since the complete analysis consis ad of a J

; sample of 400 ohnervnLions, there are 400 values of annual risk for each
' consequence measure These 400 values may be ordered and plotted as

histogramu, which in done in Figures 6.2-4 thru 6.2-9. The cumulative ;
distribution functioe for each of these histograms is ab presented in

|
Figures 6,2 4 thru 6.2-9. (please note that the seal of the histogram
vis a-vin the c umul ative distribution has been raagger :cd for clarity.) .,

The histograms for the six consequence measurus are also presented in 2

Figure 6.2 10 along with the four statistical measuren utilized in Figures
6.2 1 thru 6.2-3 and in Table 6.2 1. The histograms presented in Figure

'
6.2-3 are consistent with the risk plotn presented in fiUREG.1150. Note i

that considerable information has been lost in going from the CCDfs in;

Appendix F to the histograms of annual risk in Figures 6.2-4 thru 6.2-9;
'

the relationship between the size of the consequence and its frequency has ;
been sacrif iced t o obtain a singic value for risk for each observation.,

The ; it s in Figures 6,2 4 thru 6.2 9 show the variation in the annual risk I
'

for 31. consequence measures. Vhere the mean is close to the upper end of
'

the distribution (e.g., 9W percentile), it may be inferred that a
relatively small number of observations dominate the mean value This is
morn likely to occur for the early fatalit y concequence measures than for
the latent cancer f at ality or population dose consequence measures due to
the t hres. hold e f f ec t for early fatalities. In essence, Fi gu re s 6.2-4 tl.ru
6.2-9 show t h< probability density functions of the logarithms of the
consequence measures. Equivalent densi t y functions could be generated for
the consequence measuras themselves, but would appear quite different due
to the change in scsie

The saiety goals are expressed in terms of individual's fatality risks,
which are really an individual's probability uf becoming a casualty of a <

reactor accident in a given year, The individual early fatality risk I

within one mile is the probability per year that a parson living d thin one
n. i l e of the site-boundary will die wit 1.in a year due to - accident. To
obtain an average value for a person located anywhere wicain one mile of |

the site boundary, the risks for the entire population _within one mile of'

! the site are averaged, The individual latent cancer fatality risk within
10 miles in the probability wr year that a person-living within 10 miles
of the plant will die fr om cancer due to radiation exposure received ' rom
the accident; To obtain an average value for a person located anywhere
within ten miles of the site boundary, the risks for the entirn population
witnin ten miles of the site are averaged. A single value for individual
fatality risk for each observat ion is obtained by reducing the CCDF for.

each observation to a single value The density dis'ribution of these 400

.

6-6

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



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

t

'
,

'

,

t

'
2 Table 6.2 1

.

01stributions for Annual Risk at LaSaLLe for !
"

Internal and External Initiators
(All values per reactor year)

(Population doses in person-rem) ;

Rink Measure $"4ti]m Median Mean 95% tile !

Core Damage $.7E 6 2.7E-5 1.0E 4 3,2E 4
,

Early Fatalities 1.9E-13 1.SE-10 1.2E 8 2.SE 8

Latent Cancer 7.3E-3 6.5E-2 2.SE 1 8.4E 1
Fatalities

Population Dose-50 2.7E+0 1.9E+1 6.6E41 2.3E42
miles

Population Dose Entire 4.3Et1 3. 9 E4 2 1.5E+3 S.2E+3
Region

Individual Early 3.6E-15 2.3E-12 1.1E-10 3.0E-10
Fatality Risk--
O to 1 mile

Individual Latent 3.8E-10 6E-09 8.5E 09 2.6E-08
iCancer Fatality

Risik--O to 10 miles

I

- }

I-
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values is plotted in Figures 6.2-8, 6.2-9 and the last two frattes in Figure
6.2-10 The plots for individual risk in Figure 6.2 10 show that both risk
distributions for LaSalle fall well below the safety goals.

A single measure or risk ior each consequence rocasure for the entire sample
rnay be obtained by taking the average values irota the histograrns in Figures
6.2 4 thru 6.2-9. Chese measures of risk are commonly called nican risks.
The ruea n risk values for the six consequence measures reported here are
displayed in Figures 6.2-4 thru 6.2-9 and Figure 6.2-10. The important
contributors to mean risk are considered 'n Section 6.3.

The offsite risks at LaSalle are relatively low, espccially with respect to
the safety goals. The mean individual early fatality risk is more than 3
orders of rnagnitude below the safety goal. Similarly, the ruean individual
latent cancer fatality risk is slightly roore than 2 orders of rnagnitude -

below the safety goal. In fact, the entire distributions for these two
risk measures lie below the safety goals. The mean values for early
fatality risk and for latent cancer fatality risk are 1.2E-08
fatalities /yr and 0.25 fatalities /yr., respectively.

There are several factors that lead to these low values for risk. First,

the total core damage frequency for LaSalle is not especially high. The
mean core damage frequency is 1. 0 E- 04 /y r . At a first glance this core
damage frequency may appear high, however, it must be remembered that this
value includes both internal and external initiators. For the Peach 150ttom
analysis in NUREG-1150,3 the total core damage frequency from both internal
and external events was also about 1.0E 04/yr. using the seismic results
from the Lawrence Livermore National Laboratory (LLNL) seismic hazard curve
which most closely resembles the methodology used to generate the LaSalle
ha: ard curve s (i.e,, as opposed to the Electric Power Research Institute
(EpRI) hazard curve used for sensitivity analysis).

Second, although the mean conditional probability that the containment's
integrity will be compromised during the accident is fairly high, 0.88,
there are several features of the LaSalle plant and surrounding area that
tend to reduce the consequences. The early fatality risk typically depends
on both the magnitude of the release and on the timing of containment
failure If the containment fails early in the accident, it is rnore likely
that a portion c,2 the population in the emergency planning zone (EPZ) will
be exposed to th9 release than if the containment falls after the nearby
population has been evacuated. The low car.,, fatality risk can in part be
attributed to the fast evacuation of the population around t: -lant and to
the fact that, for many of the possible accidents evalu .d in this
analysis, containment failure occurs very late into the accident. Since
the population in t.he vicinity of the plant is fairly sparse, this implies
a short evacuation delay, a fast vacuation speed, and time for the
population to clear the area before .he release of radionuclides to *he
environment. For all of the non-seismic source term groups that were
generated during the partitioning process (see section 4.6)., the population
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in the EP7. began evacuation bef ore the start of the release. Thus, the
do n.e received by the evacuating population was generally srnall and no early
fatalities resulted froin this fraction of the population. Because of this,

the timing of containment failure does not show up explicitly as an
'

i ttpo r t ant factor in the LaSalle analysis, it would be very difficult to
obtain the ireportance of containment failure t i rning directly from the

a. ingle parameter by which these effect can beresults because there is no,

represented; but, instead, a combination of different parameters, Changes
in the evacuation assumptions could make the representation of the timing
effects more explicit. In addition, as roentioned in the Section 4,6,4 on

smearing of the timing effects occurred whenthe part i tioning results, some
some source term groups had both positive and nerative values f or dEVAC,
which represent s t'* difference between the relenw time and the time the
population begins to move. Furthermore, there is a threshold effect
associated with early fatalities (i.e., to cause an early fatality the
release must be of a certain magnitude).

,

Third, two features of the LaSalle plant that reduce the magnitude of the
source term are the s upp r e s s,l on pool and the reactor building. In the
majority of the accidents analyzed, the in-vessel releases (i.e., an early
release) are scrubbed by the suppression pool. In addition to the
suppression pool, the reactor building surrounding the LaSalle containment
t raps a portion of the radionuclides that escape the containment depending'

on the location of the containment failure.

The latent cancer fatalities are generally associated with the population
that is beyond the emergency evacuat ion ~one . Thus, this risk measure is

not particularly sensitive to the timing of cont aitunent failure, but rather .

to whether the containment fails or not. Therefore, tne latent cancer
fatality risk is primarily dependent on the frequency of c on m a itma n t
failure and the magnitude of the radionuclide release. Because of _the
plant features that reduce the magnitude of the source term and the
relatively low core damage frequency, the latent cancer f atality risk
remains low even though there is a high likelihood that the containment
will fall in most of the core damage accidents that were analyzed.

6.3 Contributors to IQ M

There exist two dis tinc t ways to calculate contri"ution to risk. To
facilitate their definition, the following quantities are introduced:

rCj - risk (units: consequences / reactor-year) for consequence
measure j,

rC j - value for rCj obtained for observation 1.i

rCJk - risk (units: consequences / reactor-year) for consequence
measure j due to PDS group k,

; 6-16
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rC jk - value for rCjk obtained for observation 1, andi

n!)lS - number of observations in the latin Ilypercube Sample

(400 for L.aSalle).

The result of the first method for computing the contribution to risk is
denored as the fractional contributinn to tocan risk and abbreviated FCMR.
The contribution of PDS group k to the risk f or consequence measure j,
FCMRjk, is defined as the ratio of the annual risk due to PDS group k to ,

the total annual risk. That is, FCMRj k is defined by
$

FCMRjk - E( rCjk ) / E( rCj ),

where E(x) is the expectation value of x and represents the annual value of
x in this context. Cortputationally, FCMRjk is found by use of the relation -

FCMRj k - { E of j k / nlJIS ] / [ E of j / n1)lS )i i

- E of jk / E OP j , -

i i

where the summations are from 1 - 1 to 1 - nlJIS. .

The result of the second tac tbod for coroputing contribution to risk is
denoted the rnear. f ractional contribution to risk and abbreviated MFCR. The

contribution of PDS group k to the risk for consequeice measure j, FCMRjk.
is detined as the annual value of ratio of the risk due to PDS group k to
the total risk. That is:

MFCRj k - E( rCJk / rCj ).

Comput at ionally , MFCRjk is found by use of the relation

MFCRjk " E ( "I jk / rC j ) / nlllS, ,i i

where the sunnation again is from i - 1 to i - nljts .

For FCMR, the averaging over the IJis observations is done before the ratio
of group risk to total risk is formed; for MFCR the averaging over the
obse rva t ions is done after the ratio of group risk to total risk is formed.

The reproducibility of the distributions for the integrated risk analyses
and the stability of the two measures for calculating contribution were
investigated in NUREG-ll50. The results of this investigation are briefly
described below. A second sample was run through the entire integrated
risk analyses for Surry.4 The second sample is just as valid as the first
sample and differs from the first sanple only in the fact that a different
random seed was used in the IJIS prr-vam. Therefore, the differences in the
results between the two samples a a in indication of the robustness of the
analysis methods. In addition, a comparison of the two samples provides an
indication of which method of calculating the contribution to risk tends to
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be more stable The results from the second samplo and a comp.arison of the
two samples .e presented in the Surry report. Several insights gleaned

4 from this evaparison are summarized below.

First, considering the early f y and l a t <. . cancer fatality rish
distributions, the a g r e e rte t;t betwe en the two samples is remarkably good

N This c.coment indicates that the methods used for this integrated risk

g@k: analy. b are stable. Differences between the two sample. enn generally be
,',; found at the extremes of the distribution which is not surprising since

the t stremes ate de*armined by a relatively few observations. Second, che''

variations between s r .nple s are b i r,be r for FCMR than for MFCR, indicating
chat MFCR lo more robust measure of the risk results than FCMR.e

k,
E ' Tne PCMR measure of the contribution to mean r i s k t e r a.:; t o be less stable

than the MiCR measure because the annual risk for each observation is -'
i

typically dominatad by a few APBs which have both high f requency cnd high
source terms and the mean risk is dominated by a few observations which
have very large values of annual risk. For example, 8% of the mean ear'

'

fatality risk i'or LaSalle is determined by only 20 observations (5
as a whole is reproducible, theobser ns). While the sampley

obser. ns that control mean risk are generally not reproducib
.

it is exact nature of tanse 20 or so observations that dete cru
contributors to menn risk, it is not ~.ising tnat FCMR is not robus

,

measurc of the entire risk ana , sis. T .e MFCR tends to represent the
.ontributions from the whe!e d i .; t r i hu m: while FCMR tends to emphasize

ntributions from the cpper tails of '' " ut.?butions.

1 is an approprim e place to remind the reader of an important cav at: a
a .au value is a summary measure and information is lost in generar.ig it.
Thus, cansiderable caution should be used in drawing conclusionr solely
f m mean values. A mean is obtained by redecir.g an entire dist ritmton to
a single w tab e r .

f FCMR and MFCR for the summary PDS groups
~

Table 6.3 1 gives che valt.a o
Even though the measures for determining the contributors to mean risk are
only approximate, the types of acciG nts that are tae largest contributors
to offsite risk at LaSalle are clear. For all of the consequence measure ,

the risk is dominated by the Fire PDS group and the Transient PDS group.
The contributions of the summat7 PDS groups to the mean core damage
frequency are also presented in thin table Not surprisingly, these groups
are also the dominant contributors to the core damage frequency. The LOCA
and Transient LOCA PDS groups, on the other hand, nr- very minor

contributom to the r! .ik .

The contributions of the summary acc ident progression bins (APBs) to mean
risk enn also be computed in two van Table 6.'-2 displays the results

or these calculations. The probabilities of the summary AF3s, conditional
on core dr.ma ge , are alro presented in this tab

For early fatality risk and individual risk of early f atality within one

mile, the risk is dominated by accidents that progress to vessel breach and
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that i nvol m loss of containment integrity. Vessel breach is important
because it affects the magnitude of the source term. If the core damage
process is arrested, there are only in vessel releases which are likely to
he scrubbed by the suppression pool. If, on the other hand, vessel breach
occucs, there are both i n - ve s. s e l releases and ex-vessel releases. The
releases from em e-concret e interactions, which is an (x> vessel release,

significant cont ribut or t o the total release. Less of containmentcan be a
integrity is important because, if the containment r3 mains intact, the
release to the e nv i r o.ute n t through normal leab re is extremely small and is

negligible contrthutor to 1isk. For the non-seismic PDS groups, thea

ear ly fatalities are asso-lat ed with the 0.S% of the population that does
rns t e acuate and in some casa s with the population beyond the emergency
planning zone (EPZ). For tha low g seismic PDS group, the early fatalities
are only assoelated with the population beyond the EPZ (for this PDS all of

nentioned previously, _the population within the EPZ evacuates). Thus, av
the timing of the release did mt show up as an i mp,;r t.a n t factor for early
latalities because the dose received by the evacuating population is not

early tatality. What does show up aslarge enough to result in an
important is the frequency of containment failure and the magnitude of the
source term, Thus, the firt _ four APBs in Table 6.3-2, which all involve
vessel breach and cont aitunent failure, ace significant contributors to the

early fatality ri.sk

Latent cancer fatalitles depend primarily on the f requency of containment
tallure (or venting) and the total wount of radioactfvity released. Thus,

like early fatality risk, accidents that progress to vessel failure and
involve a loss of containment integrity are the dominant contributors to
the latent cancer fatality risk. Again, the timing of containment failure
does not show up as particularly important.

6.4 Cogn ihutors to Uncertainty

The uncertainty analysis described in this section follows the methodology M

used in the NUREG-ll$0 study. The uncertainty analysis was performed in
this manner to be consistent with the NUREG-1150 study and because resource
and scheduling limitations precluded further methodology development.
While this analysis represents the state-of-the-art for Level 111
regressjon analysis, we feel that there are significant shortcomings with
this method. A di st.us s ion of some of these problems is presented below.

The uncertainty in the risk results is represented in the model in two
'tterent ways. The first way is via the branching of the questions in the

APET and the second way is via the sampling of parameter distributions in
the Llls sample The uncertainty resulting from the UlS sampling of the
parameter distributions is, itself, represented in the model in three
dif f e rent ways as discussed below.

,

The branching in the APET represents those uncertainties that can make a
difference in the nature of the outcome of the accident progression, can
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improve the representation of the effects of one phenomena on another, and
can improve the quantification of the probabilities of the various-
possibilities. The result is a multitude of different paths through the
APET each representing a different -possible future evolution of the
accident. Many of these paths will also have different outcomes for the
consequence measures!-but, because some of the branching in the APET does j
not affect those characteristics of ti.e accident progressjon important to
the determination of the consequences, many will also have very similar )
consequences (i.e., we group the paths through the APET into accident I

progression bins for the source term analysis and then further into source
term groups for the consequence analysis). In the Level 1 analysis, sinca,

,

the only outcome of interest is core damage, all paths that lead to core !

damage have the same consequence " core damage" (i.e., we are not
interested in the level of core damage; this is a degenerate case).

)

The uncertainty represented via the Uls sampling of the parameter
distributions is incorporated into che model in three different wayr. The
first way is via the additional uncertainty that we have in the
probah111 ties assigned to the various question branches in the APET. For
some of the branches, the probability of the branches is not very well
known and distributions are generated which are then sampled using the UlS
formalism. The second way is via various parameters that are tracked by
the APET and used to determine the the probability of occurronen or
magnitude of various phenomena during the accident progression. This may
result in di f ferent accident progrer.sion bins for different sample members.
The third way is via the uncertainty in the parameter 4 used to calculate
the source term for each of the accident progressions resulting from the
analysis of the IsP ET . This results in different source terms for an
accident progression bin that appears in several different sample members.

The end result of the analysis for a particular risk meast.re is a set o r

outcomes (0 ), a set of frequencies for these outcomes (Fu), and a set of3

consecuences for each out.come (Cu) where each out come has many possible
frequencies and consequences aricing from the variability in the dis
sample. Because the 3r variabjlity is not included in the RiS sample,
it is reptcaented in cw analysis as an is:rease in the possible set of

'

curcomes (i.e., the weather is treated the some way possible accident
outcomes are treated in the APET; that is, each outcome from the APET is
effectively split into 2048 outcomes, one for each weather scenario
evaluated in the consequence analysis). The variation in the outcomes and
the variation in the frequencies and consequences of the outcomes arising

i from the Uls mmple all together constitute the uncertainty in a risk
measure.

For this analysis, this set of resul 1 is represented as a set of
exceedance frequency curves (CCDFs) show; in Appendix F and in Figures;

i 6,2-1 thru 6.2-3, These figures provide information on the f requency at
which values for individual consequence measures will be exceeded.
Specifically, mean, median, 5th percentile, and 95th percentile values are
shown for these exceedance frequencies. As mentioned in Section 6.2, the
uncertainty
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represented by the branching in e APET (i.e., the fact that many
different accidents are possible) and by the weather variability is
displayed by the set of points c ons t. i t u t i ng one of the curves and the
uncertainty represented by the 1)ls sampling of the parameter distributions

i is displayed by the set of different curves.

There is considerable disagreement within the PRA community on the meaning <

| of the uncertainty being represented in these two different ways. One camp
views each CCDF curve as representing stochastic variability and the family .

of curves as representing modeling uncertainty. There are some problems
with this interpretation because one can easily represent any uncertainty
either way (i.e., either as branching in the APET or as variation in the ,

IJIS sample) and so can switch uncertainties from stochastic to modeling and
visa versa at will. Since many of the issues represented in the APET are
so complicated that it is impossible to say that a particular issue is only
sta:hastic or only modeling based, the mode of representation of a
particular issues in the APET will, t.he re fo re , he determined by the
analyst, It is cicar to un, therefore, that the fundamental issue of what
the APET represents and how a particular issue should be represented in the

; model has not yet been adequately addressed.

An example of both of these issues is the representation of the hydrogen
concentration in the containment during core damage. For a given set-of,

initial conditions determined by the answers to previous questions in the
APET, the e f fects of the uncertainty in the hydrngen concentration can be
represented in the APET in dif ferent ways. First, it could be represented
by a question which has branches that each represent a range of hydrogen
concentrations (determined by-the level of resolution the analyst considers
important). The conditional probability of each branch could either be
fixed or uncertain. Second, it could be represented by a parameter for

j which a value of the hydrogen concentration is selected, some calculation
1 is performed, and a decision is made as to which branch to take

,

For the cast where the branch probabilities are fixed, one requires a
single distribution on the hydrogen concentration which is then integrated
to obtain the conditional probabii1ty of each range of hydrogen
concentrations. _This distribution represents both the stochastic
variability due to all the initial and boundary conditions not m p icitlyl

included in the model but which might affect the amount of - hydrogen
produced in-vessel and the modeling uncertainties due to uncertainties in
the representation of the core melt process in the thermal / hydraulic codes,
_ limitations of the physics model used in the codes, and the limited
representation of the plant used in the input decks to these codes, For

the case where the branch probabilities are uncertain, one requires - a
family of curves where each curve can have some Icvel of stochastic and
modeling uncertainty intermixed and the family represents any addi tior,al
uncertainty (modeliv or stochastic) not included in an individual curve.
The amount of separation depends on how the analyst views the model. In

one case, the uncertainty contributes to the outcomes and would be called
" stochastic"; in the scher , the uncertainty represents sample to sample

,
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variability and would be called "modeling." In order to completely
sepatate the stochastic and modeling uncertainties, t i experts would have
to explicitly define sets of consistent model!ng sumptions and theni

assess the stochastic variability for each set of assumptions. We_ contend
that not only didn't the experts in NUREG-ll50 do this; but, that this

| would be extremely difficult in practice because all the unique sets of
assumptions that could signi ficant ly af fect the results would have to be -i

j enumerated and this is virtually impossible

. The regression analysis presented in this section was developed at the end

| of the NUREG-1150 analysis when people were l o ok i t .,, for a way to make
| statements about the importance of various issues to the uncertainty in the
' risk results, It was felt that numerical senultivity analysis techniques

systematic way c? investigating the uncertainties in themight provide a

risk results and determining the dominant contributors to the uncertainty,
'

in risk. lloweve r , it is ditficult (but not impossible) to tepresent the
contribution to uncertainty from the various outcomes (i.e., branching or
weather) in a regression model. Also, the fact that the problem is really
highly non-linear means that a non-linear regression model should be used,
floweve r , it takes a substantial effort and some experiment-ing to find an
appropriate non linear model. The analyses performed here and in NUREG-
1150, therefore, use simple linear models that only reflect the
contribution of the variables that were sampled using LilS (i.e., the
uncertainty i n' the family of curven) and not the contribution to
unceil i nty -represent ed by the variables that contributed to the
enumeintion of the different outcomes (i.e., the curve itself). The
results of this analysis should, therefore, he viewed somewhat skeptically.
The results will only tell one the dominant contributors to the uncertainty
1, ri z,k averaged over all the possible outcomes and conditional on the
accuracy faf)parmodel. Before one makes any decisions based on these
results, other analysis techniques and engineering judgement should be used
to validate the results.

As the rurves in Figure 6.2-1 thru 6.2-3 and in Appendix F show, there is
signii nant uncertainty in the frequency at which a given consequence value
-will be exceeded. Due to the complexity of the underlying analysis and the
concurrent variation of a large number of variablos within this naalysic,
it is difficult to ascertain the cause of this uncert ainty by simplea
inspection of the results

This section presents the results of using simple linear model in the
variables appearing in the Lits sample with regression-based sensitivity
analys19 techniques to examine the variability in the consequences of
accidenta at LaSalle The dependent variable is the annual risk (units:
connequences/ year) ior each consequence measure Fo r a given observation
in the sample, t h is variable is obtained by multiplying each consequence
value by its frequency and then summing these products. This variable can
he viewed as the result of reducing each of the curves in Figure F,1 to a
single number.
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The uncertainty analysis techniques uz,ed in this study can be viewed as
creating a mapping from analysis input to analyt.is results. The variables
sampled in'the generation of this mapping are presented in Tables 2.6 1,
3.2-3, and 4.4 1 These variables are the independent variables in the
sensitivity studies presented in t.h i s section. Variables that are fully
correlated to each other are t reated as a single variable in sensitivity
analysts, For example, in Table 3.2-3 the variables H21NVES1 through,

Il21NVES6 ar- all correlated and, therefore, in the sensitivity analysis
,

they are treated as a single variable (i.e., il21 NVES ) .

Sensitivity analysis results for the six consequence measures used to
express risk are presented in Table 6.4-1. This table contains the results
of performing a stepwise linear regression on the risk as expressed by:
early fatalities, latent cancer fatalities, population dose within 50
miles, population dose within the entire region, individual risk of early
fatal!ty within 1 mile, and individual risk of latert cancer fatality
within 10 miles. The statistical package SASS was used to perform the
regression.

For each consequence measure. Table 6.4-1 lists the variables in the order
that they entered the regression analysis, gives the sign (i.e,. positive or
negative) on regression coefficients for the variables in the final
regression model, and shows the R2 values that result with the entry of
succestive eariables into the model. The order that the variables enter
the model is based on the fraction of the uncertainty that is explained by
each of the variables. First, the fraction of the uncertainty that is
explained by each vari able individually is determined. The variable with
the largest fraction is the first variable that is entered into the model.
Next, the variability that is explained by this variable is removed and the
process is repeated with the re ma ining variables. The tendency of a
dependent variable to increase and decrease with an independent variable-is,

indicated by a positive regression coefficient, and the tendency of a
dependent variable te decrecse when an independent variable -increases is'

indicated by a negative regression coefficient.

The regression analyses for early fatalities and individual risk of early
fatality within 1 mile only account for about 49% of t.h e observed
"ariability. The nine independent variables that account for this
variability are those that determine the frequency and the magnitude of the
release The top four variables (the release from CCI, the retention in
the containment, reactor building decontaminacion factor, and the late
release of iodine) determine the magnitude of the - source term. The-
regression analyses for the other four consequence measures are somewhat
more successtul as they are able to acc unt for about 60% of the
variabi]ity. For latent cancer fatality r i.i k , 18 independent variables
account for this variability. Twelve of these 18 variables are from the
Level 1 analysis and are used to determine the frequency of core damage
Five variables are from the source term analysis and the remaining variable-
is from the accident nrogressi.on analysis
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Table 6.4-1
Summary of Regress!on Analyses for

Annual Risk at LaSalle (All Initiators)
;

)

Early Latent Cancer Population -|

_
Fatalities Fatalities Dose--50 miles .|

1

1ts.p VAR * RCb g2c ., VAR RC R2 _ VAR RC R2
t

1 FCCI Pos 0.12 CFM-114 Pos 0.13- CFM-114 Pos 0.16

2 FCONC Pos 0.22 SUR-006-L Pos 0.23 SUR 06-L Pos 0.49
,

I
3 RBDF Neg 0.31 Suit-022-R Fos 0.32 SL'R-22 R Pos 0.39

4 FLTI Pas 0.37 FCONC Pos 0.37 IE-LOSP Pos 0.41

5 CFM-114 Pos 0.41 RBDF Neg 0.41 CFM-37 Pos 0.43

6 FCOR Neg 0.44 FCOR Neg 0.44 RBDF Neg 0.45

7 ALPilA Pos 0.46 SUR-27-R Pos 0.46 SUR-27-R Pos 0.47

8 DFCAV Pos 0.48 FCCI Pos 0.48 FCONC Pos 0.49

9 MODE VB Pos 0.49 'E-LOSP Pos 0.50 AC RECOV Pos 0.50

10 CFM-37 Pos 0.51 LPCI-BET Pos 0.52

-11 AC RECOV Pos 0.53 N-IStmEx Neg b.53

12 LPCI-BETA Pos 0.54 ExStmEx Pos 0.54

13 IAM-CR Pos 0.55 IM-CR Pos 0.55

14 No-IStmEx Neg 0.56 IM-SVGR Pos 0.56

15 IE-VAL-R Pos -0.57 IE-VAL-R Pos 0.57

16 IM- SVCR Pos 0.SS FCOR Neg 0.58
J

1? IM - AUX Pos 0.59 SUR-3-R Neg- 0.58

18 DFCPA Neg 0.60 FCCI Pos 0.59

19 No VB Neg 0.60
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Table'6.4-1 (Concluded)
Summary of Regression _ Analyses for

Annual Risk at LaSalle (All Initiators)

Population Dose Individual Early Individual latent

; Entire Rer. ion Fat. Risk 0-1 mile Can. Fat. Risk 0-10 mi.
;

SLea VAR. Jgb , R2c VAR RC R2 VAR RC R2
_,

1 CFH-114 Pos 0.14 FCCI Pos .0.11 LEAKTRB Pos 0.21

2 SUR-6-L Pos 0.23 RBDF Neg 0.21 CFM 114 Pos 0.34

3 SUR-22-R Pos 0.32 FCONC Pos 0.30 SUR-22-R Pos 0.46

4 FCONC Pos 0.36 FLTI Pos 0.37 SUR-27-R Pos- 0.47

5 RBDF Neg 0,41 CFM-114 Pos 0.41 1E-LOSP Pos -0.49

6 FCOR Neg 0.44 FCOR Neq 0.44 CFM-37 Pos 0.51

7 SUR-27-R Pos 0.46 ALPHA Pos 0.46 AC RECOV Pos 0.52

8 PCC1 Pos 0.48 DFCAV Pos O.48 LPCl BET Pos 0.54
'

9 IE-LOSP Pos 0.50 SUR-25-R Pos 0.49 NoIStmEx Neg 0.55

10 CFM ',7 Pos 0.51 1AM-SVGR Pos 0.56

11 /C RECOV Pos 0.53 SUR-3-R Neg 0.57-

12 LPCI BET Pos 0.54 IE-VAL-R Pos 0.58

13 -1AM-CR Pos 0.55 IAM-CR Pos- 0.59

14 N-IStmEx Neg 0.56

15 _IE-VAL-R Pos 0.57

-16 LAM-SVGR Pos 0 . ." 8

17 LAM-AUX Pos 0.59

7B N?O VB Neg 0.60

= Vartables listed in the order that they entered.the regressior. analysis.
b Sign on the regression coefficients (RCs) in final regression model.

Pos: Increase in independent variable increases dependent variable
Neg: Increase in independent variable decreases dependent variable

R2 values with the entry of successive variables into the regression model.c
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. As demonstrated above, the regression analysis results do not explain a j
'

substantial portion of the uncert ainty , We believe that this arises from
the fact that a substantial portion of the uncertainty in the annual risk
result comes from the variation in the nature of-the accident progression>

hins contributing to the risk for a particular sample member (i.e., along a
; curve) and that it is, therefore, i mpo s. Ible to explain all of the

uncertainty in the annual risk by just examining the Lits sample
variability. As you go from curvc to curve, the nature and weighting of

'the various accident progression bins contributing to the result change and
some substanttal part of the uncertainty resul ts from the so-called
" s t o c ha t, t i c " variability which is tot included in the regression analysis.
The only case where most of the uncertainty can be explained by these - |

regression techniques is the case where one set of accident progression
bins is so dominant that the variation in the bins from sample to sample
(i.e., curve to curve) is not significant.
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7.0 ANALYSIS idiD METh0DOLOGY INLIGHTS AND CONCLUSIONS

7.1 /inalysis Contjusions and Limitationfi
_

7.1.1 Conclusioas Arising From the Plant Analysis

/.1.1.1 Plant Damap State Definition Results

For the lasalle analysis, 30 plant damage states were defined with some 16
additional sub-plant damage states included in the analysis. These PDSs
resulted from c detailed examination of all of t: a cut sets from the top 50

dominant accide._ sequences froa the Level I anatysis.1

The total core damage frequency distribution from the Level I analysi, had
a mean value of 1.01E a/R-yr. with a 5th percentile of 5. 34E-06/R ' r. , a -

u.edian of 2.92E-05/R-yr., and a "Sth percontile of 2.93E-04/R-yr The
a 5thLevel II/Ill Lits sample resulted in a mean of 1.04E-04/R-yr.,

pereent11e of 5./4E-06/R-yr., a median of 2.76E-05/R-yr., and a 95th
percent 11e of 3.25E-04/R-yr. The difference between the two distributions
is less than 10*. Given that the Level 1 analysis used 270 primary
variables and that the Level II/111 analysis used only 133 of the Level I
variables for the uncertainty analyris (the otter Level I variables were
fixed at their mean values), this is a very goad approximation to the Level
1 distribution. Individually, the PDS distributions may show more
variation than this; but, the dominant PDSs are very close to the Level I
results as a result of the variable selection process dcseribed in Chapter
2.

The dominant plant damge states are IT2, FIS, and FL2 with 0.368, 0.107,
and 0.105 mean fractional contributions of the total core camage frequency,

respectively. IT2 is a transient. iritiated short tera station blackout PDS
= with core damage beginning at about 80 minutes after the accident

init lation. At the onset of core damage, containment failure has not yet
,

occurred and venting is recoverable if AC power is restored. There are

three sub-PDSs (1) ADS and almest all injection systems arc recoverable if
AC power is restored, (2) ADS is available during the core damage process
and almost all inj ec t i on is recoverable if AC power is restored, and (3)
ADS is available durtng the core damage process but only MIN, CDS, and RCI~
are recovecahle 11 AC power is r e s t o r e d. .

partial lo s e. 2FIS is a fire-initiated accident resulting directly in a
containment heat removal. Random failures complete the loss of containment
heat removal, and a long-term loss of containment heat removal sequence
results. Primary inj ec t ion into the RPN is available and works mainly
using the llPCS system although other systems may be used for some part of
the time Con ta i nm e n t. pressurites, RCIC isolates at 25 psig, the ADS
valves reclose at 85 psig, and any low pressure i nj ec tion fails. High
pressure inj e c t ion continues, and the containment pressurizes uatil
structural failure of the containment to the reactor building occurs
anywhere from 140 to 275 psig (mean value 191 pstg). The severe

i

i
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environment created in the reactor building by the blowdown results in
failure of any remaining injection systems, and core damage occurs with a
failed containment.

; FL2 is an internal ilood initiatea by a service water pipe break on the
ground floor of the reector building The flood fails all inje-tion j

r,ystems except diesel-driven firewater which is not used in time to prevent I

core damage. ADS and containr-nt venting are available. This sequence is |
'

a short-term loss or all inj ection sequence .

The mean fractional contributions to the total core damage frequency of the
different acciuent classes are: seismic 1.5%, fire 2s 8%, flood lit, _ATVS
0.5%, LOCAs 0.2%, transients 62.4%, and transients-induced LOCAs 0.8%.

7.1.1.2 Accident Progression Analysis Results

Based on the results presented in Section 3.4 the following observations
can be made with regard to the accidents analyzed in this study. The
majoriry of the accidents analyzed will proceed to vessel failure.'

Al.though notable, the mean conditicaal probability of core damage arrest is
fairly small, approximately 0.13. The probability of core damage arrest is
driven by the recovely of AC power for the short-term station blackouts and
the lack of available or recoverable injection systems for the other
accidents. Given that core damage occurs, it very likely that the
containment's integrity will be compromised during the course of the
accident by either containmen failure or by cot.tainment venting, The mean
conditional probability that the containment will remain intact throughout

'

the accident is only 0.12. Furthermore, it is fairly likely that the
containment will fall early in the accident-- the _ maan conditional
probability of early containmeat failure is 0.33. It is also likely that
the operatorr .ill vent the containment during the accident--the mean
conditional prnbability of cor.tainment venting is - 0.46. Given that core
damage occurs, it is likely that the core. debris released f roin the vessel-

will participate is c,. re - c o nc r e t e interactions. The mean probability ; of i

CCI, conditional on core damige, is 0.77. Thus, the potential exists for a
large release late in the accident.

The events that result - .a containment - failure before core damage are slow
pressurization events that result from the accumulation of steam and
noncondensibles during accidents in which containment heat removal is lost
or inadequate (i.e., long-term loss of containment heat removal accidents,
long-term station blackout accidents, and ATWS accidents). Events that
result in centainment failure around the time of vessel breach include fast
pressurization of the containment f rom loads accompanying vessel breach
(i.e. DCil, ex-vessel steam explosions , RPV blowdown) , Alpha modo events,
drywe~.1 - f ailure induced by reactor pedestal failure, and cavity drain line
isolation failure Late in the accident, the events that result in
containment failure include the slow pressurization of the containment from
the steam and noncondensibles generated during CCi and failure of the,

reactor pedestal caused by c'ancrete erosion during CCI.

.
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7.1.1 3 Source Term Analysis Results

The source term results showed that the pressure of the RPV does not
significantly affect the source term for a particular accident progression
if versel breach occurs This is due to the differences in the fraction of
a species released from the fuel before vessel breach being % gated when
the vessel breaches and the radionuclides in the vessel revolatilize (i.e.,
low release before vessel breach results in high releaue after vessel
breach and vice versa).

The release path thrcugh which the racionuclides pass was determined to be
important. Sac path that resulted in the highest release to the

-

envi rotunent 1. th ough the wetwell above the water line. If the cavity
' floor has failed, radionuclides may leave the contairwent without belag

scrubbed by sprays or the suppression pool. The venting pathway is also - - -

through the wetwell above the water line. In most cases, containment

failures in the dryvell or drywell head were accompanied by successful
operation of containment sprays which signif * cantly reduced the amount of
cadlonuclides being released. Also, for many or the cases for which
c o nt a i nite nt failure in the drywell heau occurred, core damage did not occur
becau severe environments were not created in the reactor building c.nd

the ! ,ection systems did not subsequently fail. s

The analysis showed that late iodine revolatilization res tits in
significant releases due to much of the iodine being scrubbed by the pools
inittally and revolatilized later wher the remo al mechanisms are not as
effective For this reason, the modeling of late ladine revolatilization

-

may need to be inv3stigated further.
*

The regression analysis shows that much of the uncertainty in the final
risk results is due t3 the uncertainty in the source term parameters. This

may be due to the fact that the distributions being used were elicited for
cases with large uncertainties in the initial and boundary conditions.

-

Some of this uncertainty might be eliminated by a more detailed case
structure it the APET and hASSOR codes with new distributions for these
more specific case-

'

7.1.1.4 Partitioning Results

The eew partitioning process resulted in a total of 97 non-zero partitions
being defined. There were 20 high-g seismic, 23 low-g seismic, and 54
fire, flood, and internal partitions defined. Out of 75,680 source te rn,s

only 1, t< 6 0 , or less than 2.5%, of the source terms were not partitioned

directly and had to be distributed to the nearest defined partition. All

of the partitions defined were important either to early fatalities, latent
canu ts, or frequency.

;'he result of the new partitioning process was that most of the partitions
were de fined us ing many , if not all, of the parameters selected and that

t
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each partition is important to the final result -(i.e., only one empty:
partition was defined). The total number of partitions is less than that
produced in the old partition process 2 used in NUREG-1150; but, the 1e"el
of resolution is substantially increased as the source terms are grouped i

much more homogeneousij. The risk distribution is more accurately modeled
since the increased homogeneity of the partition groups allows a nore i

accurate representation of the final consequences for each group far input
into the consequence calculation. )

7.1.1.5 Risk Analysis Results

|

The ofJsite risk at LaSalle is relatively low, especially with respect to
the NRC safety goals (i.e., individual early fatality - risk safety goal -
5.CE 07/R yr., individual latent cancer fatality - risk safety goal - 2.0E-
05/R-yr.). The mean individual early fatality risk, 2.1E-10/R-yr, is more
than three orders of magnitude below the safety goal. Similarly, the mean
individual latent cancer fatality risk, 8.5E-09/R-yr, is slightly more than
two orders of magnitude below the safety goal. In fact, the entire
distributions for these two risk measures lie below the safety goals. The
mean values for early fatality risk and for latent cancer fatality risk are

1,2E-08/R-yr ,and 0.25/R-yr, respectively.

For all of the consequence measures, the risk is dominated by the Fire PDS
group and the Transient PDS group. Not surprisingly, these groups are also
the dominant contributors to the core damage frequency. The LOCA and
Transient-Induced LOCA PDS groups, on the other hand, are very minor
contributors to the risk. The Seismic, ATWS, and Flood groups are
intermediate contributors.

For early fatality risk and individual risk of early fatality within one
mile, the risk is dominated by accidents that progress to vessel breach and
that invo?"e loss of containment integrity. Vessel breach is important
because it a f fec ts the magnitude of the source term. If the core damage
process is arrested, there are_only in-vessel releases which are likely to
be scrubbed by the suppression pool. If, on the other hand, vessel breach

,

occurs, there are both in-vessel releases and ex-vessel releases. Releases '

from core-concrete interaction, which is ex vessel, can be a significant
contributor to the total release. Loss of containment integrity is
important because, if the containment remains intact, che release to the
environmant through normal leakage is extremely small an' is a negligible
contributor to risk. For this analysis, the timing of the release did not
significantly influence risk. As discussed in Section 6.2, there are two

'

reasons for th is . The first is that the timing of containment tailure is
only indirectly represented in - the risk- results since the evacuating
population almost always leaves before the release, whenever it occurs, and
an analysis of the results will not show a significant variation due to
containment failure timing. The second is that some deficiencies in the
partitioning process averaged some of tl.e few . cases where the population

'
did not evacuate before the release with cases where they did. This
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reduced the impact of the cases where the population did not evacuate
before the release on the risk results.

La t e n t cancer fatalities depend primarily on the frequency of containment
failure (or venting) and the total amount of radioactivity released. Thus,
like etrly tatality risk, accidents that progress to vessel failure and
involve a loss of containment integrity .t r e the dominant cor,t ributors to

the latent cancer fat J ity risk The timing of containment failura is not
particularly import ant for this risk measure.

There are several factors that lead to these low values for risk. First,

while the core damage f requency for LaSalle , mean - 1.OE-04/R-yr., appears
high when compared to the NUkEG-1150 plants, it must be remembered that
this is an integrated value and represents not only accidents from internal
initiators but also accidents from fire, flood, md seismic initiators. In -

'

iact, if ones adds up the mean core damage frequencies for the internal,
fire, and seismic analyses at the - h Bottom plant analyzed in NUREG-"

. o ney is 1.4E-04/R-yr. with the LLNL1150,3 the mean core damage f-

seismic hazard curve and 6.6E-05 i-yr. with the EPRt seismic hazard curve./

This is in the same range as the LaSalle core damage frequency and this
still does not include intere.1 flooding while the LaSalle analysis does.

Second, although the m . .a conditional probability that the c ont a in:ae nt ' s

integrity will be compromiced during the accident is fairly high, 0.88.
The fact that about half of these are predominantly late (0.5) failures,
tha fast evacuation speed of the population around the plant, the fact that
many of the sequences which had containment failure ac or before vesse.
breach are long term sequences wi t h cont ainment failure still many hours
into the accident, and the impact of other plant features that reduce the
magnitude of the source term; all tend to reduce the consequences. Two
plant features that reduce the source term are the suppression pool and the
reactor building In the majority of the accidentc analyzed, the in-vessel

releases (i.e an early release) are scrubbed by the suppression pool. In,

addition to the suppression pool, the reactor building surrounding the '

I.a S a ll e containment also traps a portion of the rationuclides that escape

the containment.

l'o r all of the non-seismic source term groups that were gencrated during
the partitioning process (see Section 4.6), the population in the emergency
planning zene, EPZ, began evacuation before the start of the release.
Thus, the dose received by the evacuatin population was generally small
a nzi no early fatalitics resulted from tuis fraction of the population.
Because of the rapid evacuation, the timing of containment fn_ lure does not
show up as iciportant in the LaSalle analysis (even though it is since, if
the population could not evacuate before the containment failure, the risk
results would be significantly higher). Changes in the evacuation
assumpt ions could change this conclusion.

(4A

$
,
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7.1.7 findeling- Limi t ations/ Technical De f icie.,cies '

7.1.2.1 Accident Progression Analysis Deliciencies

Af t er the LaSalle analysis was completed, an error in the APl;T binner was
discovere The following is a desca ipt lon of this error and the potenttal i

impamt. It may have on t he results.
|

Following vessel breach, CGI erodes the pedest.1 vall. Depending on the
ra% of eronlon, the time at. which the pedestal falls can vary. Failure of

t.h e pedestal can induce drysell in11ure in order to determine t'ic
drywell failure shortly after vessel b ri- ch, t.h eprobability of 9 i

prouabilli of earl podenta: failure muut be combined with the conditional
probabillry that, ,;ive n podental failure, the drywell w*'l fail. The
conditlonal probabill t.y of drywell tailure induced by pedestol failure is4

0.1/S. In the binner, however, the logic for the b; n representice, ;he

conditional probability of drywell failure given pedestal failure was
drywell failureinadvert ent ly dropped. Thlo cifectively resulted in a

pr obability of 1.0 condi tional on t he failure of the pedert al . This error

only occurs for scenarion where the pedestal falln within 6 hours after
vessel breach. This eror overentimates the probability of drywell failure
and wil1 tend to ove re.4 t i ma t e rick (i.e., be conservative).

The impact of thin error on the results, however, is fair' minor. First,

for the majority of t he ' POS groups, the pcobability that pedestal failure.
previouslyshortly af t er vessel breach causes c on ta i nme n t. failure to a

intact containment is low (!.c, 0.0S), In many of the accidents, the
containment f at ted before vessel breach or at the time of vessel breach.
This (allure mode is only significant icr the seinmic PDS group ( *. . e . ,; .
approximately D.20 probability). However; for this PDS group, the
cont ainment would have failed f rom overpressure even 11 the pedestal had
not failed. Thus, although the rallure mode may have been di f ferent had
the pedestal not failed, the containment would still heve failed.
Fu r t he rmo r e , the seismic PDS group has a very low core damage frequency and

signi!! cant cont ributor to risk at LaSalle-;s not a

Quant 11Leation of leads at Vensel Breach

The loads at vessel breach are based on distributionn used in the Grand
Gulf.analysin i n NUl(EG - l l 50, ' The distributionn used in the Grand Gulf
analysis were provided by the Cortainment load Expert Panel.5 The Grand
Gull distributions were not used directly in the LaSalle analysis for
several reasons,

1

Pirst- the LaSalle c ou t n i nme n t. is inerted, whereas the Grand Gulf
,

containment cont eins air. Thus, hydrogen burm; are not an issue at
' LaSalle Second, the arrangement of t he drywell and wet well -is different

at the two plants At G rand C,ulf,.the drywell is located inside the
cut.t n i nme n t . The drywell . communicat es to the containment through passive
horleontal vents which direct p,ases in the - drywell into the suppression
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pool, CONTAIN calculations * performed using the Grand Gulf geometry
indicated that during a direct containment heating event the drywell
repidly pressurizes before the vents clear. Once the vents clear, however,
th? drywell begins to depressurize (i.e., the pressure was teliev J into
the suppression pool). In these calculations, the peak drywell pressure
occurs just prior to cleari g the vents. At LaSalle, the drywell is
located above the wetwell and is separated irorn the wetwell by the dryvall
floor. The drywell communicaten with the wetwa 1 through vertical vents
called downcomers. The design pressure of the drywell floor is 25 psig
whereas the design pressure of the containment is 45 psig. Thus, the
drywell floor is not as strong as the drywell wall. The rapid
pressurization of the drywell (i.e., before the vents clear) will result in

'. a r g e pressure differential across the drywell floor. If thisa

pressurization is sufficient to fail the drywell, it is likely that drywell
floor will fall before the containment fails. Failure of the floor will
equalize the pressure between the drywell and the wetwell and, therefore,
steam and noncondensibles released at vessel breach will not enter the
suppression pool. Thus, the inability to vent into the suppression pool at
LaSalle could potentially result in peak pressures that are higher than
what sas predicted in the Grand Gulf analys! s. Ah 3, the fact that the
containment at Grand Gulf to ubich the drywell vents through the
suppression pool is much larger than the suppression pool volume at LaSalle
will rezult in larger pressur9 incrcases at LaSalle. To account for this
possibility, the upper tails of the Grand Gulf distributions were
increased. The upper ends cd the modified distributions were based on
bounding cype calculationr liowe se r , the quantification of this issue is
less than ideal. Ideally, distributions should be developed that are based
on the LaSalle sp cific calculations; however, resource limitations
preveated t he pe rfr ce of such calculations for the LaSalle analysis.

Quantification of Drain Pipe Failure

In he LaSalle containment, there is a drain line that goes from the
peoestal cavity through the vetwell and out of the containment into the
reactor building. The isolation valves are located outside the
cantainment. At vessel breach, there is the potential for an ex vessel

i steam explosion to occur in eicher the cavity or the drain line itself
(4-inch pipe) . The loads from the steam explosion could potentially fail
the isolation valve and effectively fail the containment integrity.

This issue came to light during the McG1 expert meeting during the NUREG-
1150 pr sj ec t . Although the experts assessed the likelihood of ex-vessel
steam explosions, they did not quantify tho probability of pipt failure
outside the containment given a steam explosion since they were not cxrerts
in pipe failure. Some of the experts did indicatr that this failure - mode

* D. A. rowers, et.al., " Evaluation of Severe Accident Risks:
Quantification of Major input Parameters, Supporting Calculations,"
NUREG/CR-4551, SAND 86-1309, Vol 2, REV. 1, Part 5, Sandia National
Laboratories, Albuquerque, NM, to be published.
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likely if the steam explosion occurs in the pipe rathet thanwould be more
in the pool because of attenuations associated witt oxplosions in the pool.
There is a large amount of uncertainty associated with this is:ue because
it is not cl wr where in the pipe the steam explosion will ocar or - how
much material will be involved in the explosions. Again, because of
resource limitations, more detailed investigation of this issue .was not
performed. Thus, a maximtuu entropy distribution between 0 and 1.0 was used
to quantify the case in which a steem explosion occurs In the drain pipe
(i.e., mean probabilicy of failure is 0.50). When the steam explosion

.

in the cavity pool, a maximum entropy distribution between 0 and 0.1occurs
was used to account for the reduced prob abili ty of pipe / valve tal'ure.
This failure mode is treated as a leak in the wetwell above the suppression
pool sarface. The mean conditional probability of this failure mede is
0.13 (this value also includes failures f ro,a pressurization events at
venuel breach that result in wetwell leaks although these are a small
Iraction). Because of the high probability that the containment will be
vented during the accident and the fact that conts,aent failure time is
not particularly important at 1.a S a l l a , thu tailure mode in not the

dominant contributor-to risk. Changes in the evacuation assumptions or the
probability of venting could eercainly change the importance of this
failure mode in which case more attention m the quantification of this
issue would be warranted.

/.l.2.2 Source Term nnalysis Deliciencies

Two input errors were discovered after the first draft of the analysis was
complete. The first of these errors was in the distribution of the
fractional release from the vessel (FVES) for the high RPV pressure, non-
station blackout case for the Lanthanum group. The 50th percentile was
inadvertently input as 0.78 instead of 0.078. This will only affect the
release fraction when the distribution is sampled between the 25th and 75th
percentile. Since this error is only for the FVES nlease, for a very
specific case, and for only one radionuclide class; tne effect of this
error on the risk was assessed to be small. This error will result in'

overprediction of the Lanthanum group release fraction and is, therefore,
conservative

The second input error was in the distribution of the fractional release
frot the core-concrete interaction (FCCI) for the low zirconium content in-

dry cavity case for the Cerium group. The 95 percentilethe debris and a
was input as 0.018 instead of 0 18_ This will af fect the release fractLon
when the distiibution is sampled between 75th and 99th percen;1le..

This error will result in an underprediction of the reieare fraction of the
Cerium group. Iloweve r , the error is not considered substant ial enough to
warrant rerunning the analysis since the release fraction of the Cerium
group, as calculated in the analysis, still covered the entire rar.ge of the
distribution although the upper tail was slightly low.

,

|
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7.1.2.3 Partitioning Deficiencies

As described in Section 4.6, the partitioning methoa nd f the LaSalle
analysis is an improvement over that used in NUREC- t02 The new method
forms subgroups of_the source terms based: (1) on the fraction of the total
early heal th ef fect weight , latent health effect weight, and frequency that
they represent a rid (2) on the similarity of the values of parameters,

important to determining the consequences. This includes bc+.h emergency
response and release parameters. The correctness of the method depends
critically on the appropriate selection of parameters to form the
subgroups. This will A t e rmi ne how accurately the method represents the
transformation of potential consequences represented by the weights into
actual consequences calculated by the MACCS code.6

It is clear that dEVAC, which_ia the first release time minus the warning
time ininus the delay time (i.e., T1 - TV - TDELA . ) , is a critical
determiner of the cocsequences to be expected from a particular source
term. This parameter determines whether or not people will be caught by
the release while they are evacuating and is critical to the determination
of the early fatalities. For this analysi , it was specified that the
partitioning of the .ource terms woula be done separately on the basic
parameters T1, TDE' AY , and TV. By examining the PARTITION code output in *

Appendix D.6, one seen, for example, that pa1tirion group 2 for event type
3 has a dEVAC ranging from -1.88E+03 to +2.21a 04 sec. Since the mean
value of dEVAC for this group is F 1. 5 8 7 E+ 04 sec, it is clear that the

source terms waich have negative dNACs are not dominant in the group
i definition. However, these source terms are the ones which will come

closer to realizing their potential and could, therefore, contribute to the
,

final Eh risk much more than their original fraction . night indicate.
| Because the mean value is used to calculate the consequences in the MACCS
; code, the negative values were not be used in the calculations.

It is difficult to estimate the effect of this problem on the distribution
of consequences obtained though it is clearly non-conservative. The
magnitude of the resultant bias depends critically on two aspects of the
analysis: (1) the relative magnitude of the frequency of the source terms
with negative dEVAC to those with positive dEVAC and (2) the amount of
potential health effects converted to final health e f fec ts for the two
types of source terms. By examining the consequence output one sees that
for LaSalle the early fatalities are very low and come mostly from the 0.5%
of the population that does not evacuate. In no subgroup was the mean
value of dEVAC negative (i.e., all evacuees began moving before release).
If the plume from the first release caught up with the vacuating
population, then significantly more early fatalities migt: be mpected and
the risk profile could change substantially.

7.1.2.4 Consequence Analysis Deficiencies

1t was specified that many of the hACCS parameters used in this study
should be the same as those used in NUREG-11507 in order to facilitate ,
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comparison. The values used .n this version of the LaSalle analysis were,

therefore, the same as those used in the NUREG-1150 analysis except for
site-speelfic parameters. We believe that future studies should consider
improved treatment of some of these parameters, including (1) the dry

deposition velocity, s2) the red marrow death LD50 (lethal dose to 50% of
the exposed individuals), (3) Castro-Intestinal (CI) death threshold dose,
(4) the long term food dose projection period, and (5) the fractiun >f the

population that evacuates.

For the dry deposition velocity, the NUREG-1150 value is 0.01 rn/s . This

was selected because:* (1) it wcs used in WASil-1400 and in previous NRC
st udien using other consequence codes (CRAC8 and CRAC29) , (2) the Chernobyl
data indicates that this value is appropriate, and (3) the use of this
value is conservative The analysis team current.ly belleves that a value
o1 0.003 m/s would be a more appropriate value based on the published -

l i t erat ure and the manner in which the parameter is used in the MACCS code.
Firnt, many papers have been published since 1975 on dry deposition
velocity. A lower value f or the dry deposition velocity is consistent with
values uned in the pNL CEN1110 (0.001 m/s), INEL RSAC-4** (0.001 m/n), KFK
U FOMODi t (0.001 m/n), and NRph NARC 12 (0.003 m/n) codes. Second, the

telease mechanisms for Chernobyl (criticality explosion and graphite fire)
are quite different from the mechanisms expected in a commercial light
water reactor in the U.S. (where the nature of the c onta ltune n t failure and y

aerosol productton processes will result in completely different
phenomenology) and it is not possible to conclude that the Chernobyl result
are applicable to this problem. Finally, the assumption that the une of
.he 0.01 m/s value would be conservative is based on results calculated by *]

other codes With the MACCS code and the :urrently defined NRC emergency

response scenarios, early fatalities result principally from the inhalation
pathway and, in particular, from bone marrow deaths Increased deposition

velocity, in thir instance, results in less material being available for
inhalation with a consequent decrease in early fatality predictions.

For the red marrow death LD50, NUREG-1150 used a 50/50 mix of " minimal" and
-

" supportive" treatment based on NLTEG/CR-4214, Rev 0 .13 Because of

LaSalle's proxielty to Chicago hospitals, low population density, high
degree of emergency preparedness by the s. ate of Illinois, and source term

timing characteristics; the analysis team believen that 1001 supportive
treatment world be most appropriate for LaSalle NUREG/CR-4214, Rev 1,2 *
given an I.D50 of 4.5 sieverts for this level of treatment while Rev 0 gives
4.0 sieverts for the 50/50 mixed treatment level. The NUREC-1150 values y

. _ _ _

* letter from M. C Cunninghra, NRC, to F. T. !!a rpe r , SNL, dated June
75, 1990. Subject MACCS Input 'arameter Val ue s for the LaSalle
Consequence Analysis

H Wenzel, D. R., " Interim Uner's Manual for RSAC-4, Radiological Safety

Analysis Computer program," Westinghouse Idaho Nuclear Company, Idaho
Falls, ID, draft 01 10 April 1990.
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and assumptions were used in this analysis. This results in somewhat
higher early- fatality predictions over what would result from using our
current recomtnendation,

For the GI death 'breshold, the analysis team believes that the NUREG 1150
-value of 7.5 sieverts should be changed to-8.0 sieverts. This parameter is
insignificant compared to other sources of death and would not impact any
-results.

NUREG-1150 uses an infinite period for the long-term food dose p roj ec tion
period.* Examination of the footnoted reference indicates that the FDA was
addressing an exposure period on the order of 30 days as given on'page
47082 of the Federal Register.15 Tne FDA exposure period appears to us to
be more consistent with a one year time f ratae than the infinite time frame
chosen in NUREG-ll50. We currently believe that a one year period based on
U.S. and International health physics practices would be more appropriate.
This would lead to less stringent actions that would result in higher
cancer fatalities and lower economic costs.

In addition, there is a significant uncertainty concerning the fraction of
the population that does not participate in the evacuation. In the first
draft of NUREG il50,10 the non-evacu ating fraction was 5% and was based on
SNL's general understanding of evacuations for various other accidents.
This was changed in the final NUREG-1150 to 0.5%. No systematic analysis
of the possible values this parameter might take was.done for the LaSalle
study,

The concerns and recommendations noted above highlight the fact that many
uncertainties exist in the data used for the consequence unalysis and
points out that this portion of the analysis needs to be included in future
uncertainty studies.

Although consistent with the assumptions in NUREG-1150, there is an
! inconsistency between the evacuation assumptions used for the non-seismic

and seismic events. For the non-seismic events, it is assumed- that 99.5%
of the population within the cmergency planning zone (EPZ) is evacuated.
The remaining 0.5% are subject to hot-spot relocation aft.er - 12. hours of
exposure. For the low-g seismic case, a degraded evacuation scenario is
used where the evacuation speed is halved and the evacuatioa delay time is

.

doubled. For this scenario, however, it was assumed that 100% of the
population participates in-the evacuation. For the non-seismic events,.all
of the early fatalities were either associated with the 0.5% of the
population that did not evacuate or with the population beyond the EPZ.

For the low-g seismic scenarios, the early fatalities are only associated
with the population beyond the EPZ. Even though these scenarios have a
degraded evacuation, the dose to the population that was evacuated was

* -Let ter from Chris Ryder, NRC, to A. C. Payne. J r. , SNL, 8/16/90.
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insufficient to result in an early fatalities and because none of- the
population remain behind (as was the case in the non-seismic scenarios)
there were no early fatalities within 10 rnile s of the plant. This

difference in the _ evacuation assumpt! ?ns must be recognized when comparing
the non-seistnic results with the low-g seismic results,

7.2 Methodolony 7,ns i nh t s and conclusions

As mentioned in Chapter 1, four out of five of the primary objectives of
the LaSalle analysis were:

1. To develop and app.y methods to integrate internal, external, and
dependent failure risk methods to achieve greater efficiency,
consistency, and cc:upleteness in the conduct of risk assessttents;

2. 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
modeling, FRA methods, data, or physical processes that occur
during the evolution of a severe accident;

.

4. To formulate the results in such a manner as to allow the PRA to
be easily updated and to allow testing of future -improvements in
methodology, data, and the treatment of phenomena.

All of these objectives are primarily concerned with methodology
development. The fifth objective was to apply this methodology to a BWR,
MARK II nuclear power plant. Because of these obj ec tive , much of the
presentation la both the Level I and Level II/III reports has concerned
details of the implementation, perceived strengths and weaknesses , and
possibic improvements f.n the methodology. In this section we would like.to
summarize some of the improvements made to the Level II/III methodology
since their initial development in this program and their first application
in the NUREG-1150 analysis (Section 7.2.1), discuss some of the-weaknesses
of the current methodology (Section 7.2.2), and possible ways of overcoming
them (Section 7.2.3).

7.2.1 Methcdology Improvements Over NUREG-ll50

7.2.1.1 Plant Damage State Definition Improvements
-

A systematic method, as described in Chapter 2 of this report, was
developed to define the interface between the Level I analysis in terms of
accident sequences and the Level 11/111 analysis in terms of PDSs. A

preliminary version of this method was also used for the Peach Bottom plant
analysis in NUREG-1150.3

. .
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7.2.1.2 Event Tree Construction Improvements

As described in Chapter 2 of this report, the EVNTR E17 code was-
significantly improved for the LaSalle analysis over the original-_ version
developed in the St.RRP program. This version of the code was used in-the
NUREG-1150 analysis and only a slight additional improvement was made for

athe LaSalle analy ts. .The code used in the NUREG 1150 analysis could only
put eplit fractans dire.tly into a question with two branches in the
sampling mode. To put split fractions into a multiple branch question, a
complicated procedure for calculatiag complements of split fractions had to i

be used, This original method was difficult to iraplement and verify
because conglements of split fractions appeared in the input files rather
than the split fractions themselves. The code was modified so that split
fractions could be 1nput directly into any number of branches. This may
seem likt a small change bu: it allows for a simple method of performing an
integrateo analysis. This p roj ec t , as opposed to NUREG 1150, was charged
with performing an integrated analysis wbpre the results of the internal,
seismic, fire, and flood analyses were all evaluated in an integrated and
consistent f t, s h io n , In order to do this, a method was devised for
it.cluding in the APET a question which asks which plant damage state was
being evaluated. This question had 30 branches, one for each of the 30
PDSs being analyzed for LaSailo, These PDSs came from all of_ the
constituent analyses (fire, flood, seismic, and internal). The TEMAC
code 18 calculated split fractions based on the ratio of the PDS frequency
to the total core damage frequency and these were put directly into the
question branches. The subsequent questions which specified the' PDS ,

E characteristics had case structures that directly referenced the
appropriate PDSs,

The result was that (1) this allowed testing of the APET or evaluation of
one PDS by simply putting in 1.0 for the appropriate branch in the first
question instead of changing all of the initial questions and having to
keep track of multiple files as in NUREG-1150, (2) all of the PDSs could be
run through the APET at once and the accident progression bins could be
truncated at a consistent value, ard ( .5 ) the integrated output could then
be passed on to subsequent stages of the analysis.

A simplified version of this method was applied in the N Re ac to r P.%A .18
Because multiple spilt fractfons could not be directly input into the tree
at the time it was done, ' emp11cated logic was required to calculate the
correct splits as described above. Jhe new method is much more straight
forward and unde standable.
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7.2.1.3 Source Term Analysis Improvements

a new code, RELTRAC,* was developed to perform theFor- LaSalle analysis,
source term analysis. This code uses rate parameters instead of integral '

parameters as do the XSOR codes . ** The use of a tunable rate based model-
allows more accurate simulation of the results from more detailed
thermal / hydraulic codes than is possible with an integral based code. This

,

allows more flexibility for the analyst in the interpolation and '

extrapolation of the detailed code results to APBs for which code results
!~ were not available.

Secause of the timing of the NUREG-1150 analysis, the first application of
this code was for the original Peach Bottom analysis in first draft NUREG-
1150.20 RELTRAC was not used in the final LaSalle analysis for several
reasons. First, the interface to determine how the adj us tabl e parameters
would be modified to model each APB is currently hardwired and would
require a significant effort to convert the model from Peach Botton to some
other plant. Second, the code in its current form is not fast enough to
estimate source terms for the hundred thousand or so accident progression
bins now being generated by the APET. Third,'because of delays in getting
the MELCOR21 code to perform the integrated cciculations, an interiacing
code to directly extract MELCOR data and use it to tune the RELTRAC model
to the stalled MELCOR calculations was not completed. Finally, the
experts in the NUREC-1150 expert elicitation process gave integral results
'for the source term parameters, not rates, and to convert the integral form
to a rate form would require a large effort. To make all of these upgrades
would have required the expenditure of resources beyond what was available
to complete this study.

RELTRAC is s t ill very fast when compared to detailed thermal / hydraulic
codes and can evaluate tens of thousands of accident progressions and
source terms with the same resources used to n.- one detailed calculation.
It would be good for more detailed simulacian of the results of
thermal / hydraulic codes such as MELCOR or STCp22 and could be used to
examine the effects of various parameter uncertainties on the accident

; progression and source term.

* J. C. Helton, J. D. Johnson, and J. M. Griesmeyer," User's Guide For
the RELTRAC Reactor Accident Source Term Model," NUREG/CR 5445,
SAND 89-2174, Sandia National Laboratories, Albuquerque, NM, Draft.

J. C. Helton, J M. Griesmeyer, F. E. Haskin, and J.-D. Johns,n,"
Incorporation of Uncertainties Into Reactor Accident Source '. e rm
Estimates," NUREG/CR-5444, SAND 89-2173, Sandia National Laboratories,
Albuquerque. NM, Draft.

** H.-N. Jow, W. B. Murfin, and J. D. lohnson, "XSOR Codes User's
Manual," NUREG/CR-5360, SAND 89-0943, Landia National _ Laboratories ,
Albuquerque, NM, to be published.

i
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As a result, it was decided to create a version of the XSOR codes for the
final LaSalle analysis (i.e., the 1ASSOR code); however, in NUREG-1150
certain limitations of the XSOR codes became apparent in the BWR analyses
of Grand Gulf and Peach Bottom. First, two- release segments were not.
enough to capture the release variability over time or interactions of the

,

release and tha evacuating population appropriately, If the containment'

fails before vessel breach there are really three releases: (1) the
relatively small in-vessel release, (2) the puff release at vessel breach,

and (3) the late release associated with CCI. Grouping the In-vessel
release with _ the release at vessel breach may miss the evacuating
population. On the other hand, releasing these source terms before vessel
breach overstates the in-vessel portion and spreads out the vessel breach
release. In addition, the in-vessel and vessel breach releases may have
two distinctly different release paths and containment failure modes. The
result was that different parts of the release had substantially different
release paths and other characteristics but still had to be grouped
together. For the LaSalle analysis, three release segments were defined as
described in Chapter 4 of this report, and MACCS options were selected-to
run three release segments. The IASSOR output and PARTITION input and
output were modified to pass this information to MACCS. This worked much
better than the process used in NUREC 1150 in describing the unique
charactecistics of the individual parts of the release.

Second, in anticipation of the incorporation of consequence uncertainties,
the LASSOR code was modified to include ai event type parameter which could
be used to specify groups of accident progression bins that had unique
evacuation responses due to the characteristics of the initiating events
such as high-g seismic, low-g seismic, and station blackout accidents where
certain weather patterns may occur more or less often than obtained oy
random association. For this analysis, only the seismic sequences were
singled out using the event type parameter because the interaction between
station blackout accidents and weather type is not well defined at the
current state-of-the-art. In addition, the c.3de was modified to sample the

evacuation parameters: warning time and evacuation delay time.
Distributions were developed for the warning time based on the emergency
plan and the specific characteristics of the accident progression bins.

Third, more detailed models of the release paths were developed, as
,

described in Chapter 4, to try and-capture some of the dif ferences thought
to be important as a result of the different possible containment
decontamination mechanisms and the different paths resulting from multiple
containment failures as described above.

7.2.1.4 Partitioning Improvements

A new method for grouping source terms for evaluation by the MACCS code was
developed for the LaSalle analysis. The PARTITION code implements this
method. An initial version of the PARTITION code 2 was used in the final
NUREG-1150 analysis. As a result of its use in NUREC 1150, certain
limitations became apparent. First, many of the partition groups were
empty (20 out of about 60 used). Second, of the ones that were not empty,
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many did not contribute significantly to the final risk and, third, the
process did not allow for the incorporation of consequence uncertainties.

The PARTITION code was therefore rewritten for the final LaSalle analysis.
As described in Chapter 4 of this report, the code was changed to (1) allow
accident progression bins coming from initiators with unique evacuation
characteristics to be partitioned together, (2) allow partitioti groups to,

be defined not only on the basis of early and latent health effect weights
but also frequency, (3) allow the definition of groups on the basis of
similar parameter values for parameters important in the consequence

'
analysis, and (4) allow the passing of these parameters to the MACCS coc'
for each group defined. These changes ware made so t ha t. the conversion of
the potential consequences represented by the weights to the actual;

consequences calculated by MACCS would he more accurate.

7.2.1.5 Consequence Analysis Improvements

In order to perform the Integrated analysis, the pre-processor to the MACCS
code, STER, was changed to allow the creation and evaluation of partition

'
groups with dif ferent evacuation assumptions in one calculation. In the
final NUREG-ll50 analysis , MACCS calculated a large number of consequence

'

measures, not all of which were needed for the analysis. For LaSalle,
computational cost was reduced by reducing the number of consequence
measures calculated (this resulted in a factor of two decrease in
calculation time). This was important because the new method of
partitioning resulted in more partitions because of the increased
resolution, the incorporation of all the constituent analyses, and the fact
that no empty partitions were defined.

The evacuation assumptions for.the non-seismic cases are the same as those
used in NUREG-ll50 but the evacuation assumptions for the seismic cases8

were changed. In the NUREG-1150 low-g seismic cases, the shielding factors
for normal activity were modifled to reflect broken windows as a result of
the seismic event; however, this modification took place throughout the

,

entire spatial grid (i.e., 1000 mi. radius). This assumption is clearly )
very unrealistic, For the LaSalle analysis, three different emergency !

response assumptions (cohorts) were utiliced in the seismic analysis. The
seismic source terms were divided into high-g and low-g cases as for NUREG-
1150, but the fraction of people falling into the dif fe rent cohorts was
dif ferent for the different g levels. Since the f ractional weight ing is
not done in the MACCS code but in the post-processor, this allows tho
analyst to easily investigate alternate assumptions. The three cases were

,

degraded evacuation, 12 hour relocation, and 24 hour relocation. A mare
detailed description-is presented in Chapter 5 of this report.

|

7.2.1.6 Risk Analysis improvements

The PRAMISD and PRPOST (PRAMIS modified to accept the full consequence
distributions;.not just the means as in PRAMIS) codes that perform the risk

j integration were developed for the I.a S a ll e analysis. These codes were also

!
|

|
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used in the NUREG-1150 analysis and no substantial improvements were made j
in them for'the final LaSalle analysis, The STRIP code (which extracts the
mean values of the consequences from MACCS output), the SAVE code (saves
subset of MACCS results used by PRPOST), the PRAMIS code, and the PRPOST ?

code were all modified to - perform their calculations using the new . cohort
structure with the event. type parameter and the use of only one total core
damage frequency from the Level I analysis instead of a separate core

| damage frequency for each plant damage state.

7.2.2 Methodology Limitations

7.2.2.1 Quantification Limitations

The use of Zero/one sampling is still controversial (see Section 3.2.2 for
a discussion of Zero/One sampling). Some of the people involved in the

'

NUREG-1150 expert judgement clicitation process felt that, if they could
sufficiently specify the accident sequence characteristics, then they could
specify precisely whether or not a phenomena would or would not occur.
This led them to believe that the phenomena either always would occur or
never would occur. This resulted in their selecting Zero/One - sampling as
the correct way to treat these phenomena in the analysis. However, since
each accident represents a class of accic'ents and many characteristics of
the accidents which could affect the occurrence of various phenomena will
never be modeled in a PRA, it is our opinion that the accidents can never
be specified that precisely.

While the use of Zero/One sampling does significantly speed up the accident
progression analysis by eliminating the need to evaluate many of the
possible paths in the APET for a particular sample member, it has a
negative impact on the regression analysis. With Zero/One sampling
discontinuous processes are explicitly introduced into a linear regression
model. A linear regression model is most effective with continuous
processes whose effects appear in every observation. In contrast, it is
more difficult to represent discontinuous processes whose effects appear
only in certain sample members and not in others. This can significantly
affect the accuracy of the regression.

It seems to us that a more appropriate way to treat these parameters, that
is consistent with the way the Level I analysis is performed and with the
genera! philosophy of PRA, is to use split fractions and to put uncertainty
distributions on the various branches. In this study, Zero/One - sampling
was used in spite of these obj ec tions for consistency with the - NUREG-1150
analys i s -,

7.2.2,2 Consequence Analysis Limitations

The main methodological -limitation remaining in this study is the failure
to include consequence uncertainties in the integrated uncertainty
analysis. One of the primary purposes of the LaSalle PRA was to. develop
methods for performing integrated uncertainty analyses and for propagating
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these uncertainties throughout the analysis. Several plans were developed
for performing uncertainty analysis on the consequences and preliminary
changes were made in the LASSOR and PARTITION codes to allow the ' UlS
sampling of the emergency response parameters as described above, lloweve r ,
due to resource and scheduling limitations the LaSalle analysis was
completed without concidering consequence uncertainties.

7.2.3 Possible Methodology Improverwnts

7.2.3.1 Plant Damage State Definition Improvements

There are several possible improvements that could be made in the interface
between the Level I and Level II/III analyses.

1. Some of the Level II/III questions about system operability could
be evaluated directly from the Level I accident sequence event
trees. For example, in the Level I analysis, after a system has
successfully prevented core damage, the status of other systems is
not further investigated. Another example is that, if core damage
has occurred, the status of systemt on the event tree that are
unable to prevent core damage is not further investigated. It is
possible for those systems for which fault trees are available,
that the Level I analysts could separate the cut sets within a .

sequence on the bases of the status of these system using the
Level I computer codes. This would remove some of the human error

i potential in classification of the cut sets tor- purposes of t

defining the plant damage states. Additional questions could be
added to the Level I event trees to allow more explicit evaluation
of the - core damage sequences _ retained for the Level 11/111
analysis.

2. It should be possible to develop a code that would allow the
analyst to specify various characteristics or events occurring in
the Level 1 accident sequence cut sets that would indicate the
status of the systems required in the Level-II/III PDs ?efinition
and automatically put the cut sets into separate files. The
current process requires that the analyst examine individually all
of the_ cut sets to evaluate the answers to the PDS defining
questions, and then to edit the sequence cut ser files manually
moving the cut sets for each PDS into new files. This is a very
time consuming and error prone process. A least one code exists
that was developed to apply recovery events to Level I cut sets
that might he adapted to this purpose.

3. It should be possible to use the EVNTRE code to construct a Level'
: I accident secuence event tree in addition to the Level II

accident progression event tree. After the system fault trees are,

solved using some fault tree code, the cut sets could be inserted
into a user function and the sequence frequencies could be
calculated directly. One problem with this is how to make sure
that commonalities and success states are handled correctly.

7-18
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|
7.2.3.2 Accident Progression Analysis Irtprovements

There are several methodology improvements that would be useful in the
accident progression aslysis:

1. A restart capability should be put into the EVNTRE code. With the
long run times required both for individual PDSs and for the
integrated calculations, this could save a lot of resources.

2. Currently there is no way to check that the parameters are being
treated correctly in the user function. The EVNTRE code could be
modified to allow the mean pi ameter value to be included in the
output file.

3. Some method of allowing the user to specily a reduced number of -

questions and of plotting these ouestions as on event tree with
multiple branches and summar; lit fractions on the branches
could be devised. This would a. a the development of simplified
event trees for investigation and presentation of results for
specific phenomenology of interest.

7.2.3.3 Source Term Analysis Improvements

There are several methodology improvements that would be useful in the
source term analysis:

1. There are several interfacing codes between the APET and the XSOR
and PARTITION codes that could be combined into one code. 't he r

PSTEVNT code ' is a post-processor of the EVNTRE code output file, L2

and the rehinning occurs here. This code produces a new master
bin list file The MASTERK code (undoc mented) produces a
listing of bins with frequencies in two formats: (1) by -

observation for input into the XSOR code and (2) aggregated over ~

all observations for input into the PARTITION code. The XXXPRQ
code (undocumented) produces conditional proaabilities and

-

frequencies for all PDSs and is input into the XSOR code.

2. A more radical approach would be to put the XSOR code directly
into the APET as a user function after constructing questions to
perform the binning process directly in the APET.

7.2.3.4 Partitioning Improvements

There are several methodology improvements that would be useful in the
partitioning process:

1. Due to resource limitations, the codes are still not easy to run
and require several steps. The COMBIN code (developed for this
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J

I

|

|

analysis) should be made part of the PARTITION code _with options j
to specify which combinations of event types are to be partitioned
-separately and the STER. code (undocumented) should also= be made
part 'of PART2 TION with options' to _- de fine the evacuation

|
assumptions for each event type so that.the MACCS input files can _i

be created directly from the partition run. |.

|
2. The parameters to be used in the partition process need more j

evaluation before a final group can be selected. The purpose of- !

these parameters is to make the source term groups defined in the i

partition process homogeneous enough . so that the consequences .|
calculated by MACCS reasonably approximate the actual results that |

would be expected if a MACCS calculation was performed -just for |
that source term. Since the partitioning is done ; on- potential
effects, it is important that at.y parameters that will impact.the
conversion of this potential into actuality in the MACCS
calculation should be as homogenous as possible.

3. As can-be seen in tne full PARTITION output shown in Appendix D.
in some cases the number of parameters used in the definition of a

| group can be very small. In this case, the process will not be
any worse than what was used before but will not be any better
either. It seems clear that a better process would require that a
minimum number of parameters be used in the initial definition of
the groups and then a relaxed -definition only on the remaining
source terms. The actual implementation of this strategy remains
to be determined,

By examining the partition output in Appendix D, one can determine
the homogeneity of the groups both in terms of the parameter
variability and in terms of the auident progression bin
attributes of the source terms that make up the group definition,
In many cases, even ' though only a few parameters were used : to
define the group, the_ parameters acturlly have- a small variation
for that group. This comes about because, even though the source-
terms could not be grouped into one of the parameter subcells,
they most likely fell into adjacent cells.

4. Another approach would be to get rid of partitioning altogether.
This could be accomplished by creating a MACCSSOR code which would
do for MACCS what the XSOR codes do for - the thermal-hydraulic
codes. In this case, consequences could be calculated for each
source term just as source terms are calculated-for each accident
progression bin. This could even be integrated with the APET as a
user function calculation along with the XSOR code as mentioned
above.

7.2.3.5 Consequence Analysis Improvements

There _ are several methodology improvements that would be useful in the
consequence analysis:!

1

1
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1.

s

1. It is clear _ that a maj or deficiency of the- LaSalle FRA is the
failure to incorporare ' consequence uncartainties into the
integrated evaluation process. 1Several :ce thods.- have- been
developed for - doing this but they .need to be _ evaluated and a
method selected. There are two n.ajor areas to be - inve s ti gated:
parameter uncertainty' distributions and the sampling techaique to
be used to incorporate the uncertainty directly into the.overall'
analysis structure.

2. Certain initiating events imply some general conditions on the
evacuation assumptions and on the type; of weather that might be
likely to be occurring. For example, seismic events where the
seism can affect the roads and bridges _in the surrounding area and-
LOSP events which occur as a result of severe weather. While the-
new partitioning process allows for the incorporation of the
impact of these events on evacuation assumptionc, no consideration
has yet been given to modifying the class of weather scenarios <

used by MACCS depending on initiator type,

3. Weather uncertainties are currently being treated differently from
all other uncertainties and the current method of incorporating
weather uncerteinty needs to be examined to see if a method-more
consistent with its use in a PPA can be developed.

L

7.2.3.6 Risk Analysis Improvements

1. Tne current method of performing regression analysis.with a simple
linear regression model needs to be improved. The analysis is
highly non-linear with many cases of the accident prcpa6ating down
certairi paths in which many of the parameters used in the model
are no longer relevant. The method of creating the model should
be improved to allow the incorporation of splits in the APET that
may or may not be sampled but which determine the general
characteristics of the accident progression to be included in the-

regression model. This would allow the creation of - linear
submodels for those subsets of the accident progressions with
unique characteristics. The result would be a semi-linear model
that would be able to more accurately represent the interactions.
occurring in the accident progression, source term, and
consequence analysis. The basic idea- is to evaluate the
contribution to uncertainty of those discrete variables which are__
not included in the Ltis sample but whose variation is represented

~

as branching of the APET.

7.2.3.7 Latin flypercube Sample Construction Improvements

1. From the description in the Level Il report and in Appendix G of
this report, it should be clear that the creation of the LilS |
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sample is very complicated involving many steps and codes. This
whole process needs to be streamlined and made more usar friendly
in order to be understandable and more easily reviewed.

7.2.3,8 General Improvements
,

1. One major de :iciency in the current process is the fact that the
codes are tairly usec unfriendly. An example of this is the
production of various ta les and plots of the results which are
currently done by running many individual programs to produce the
needed information. Consloc acion should be . given . to
incorporating many of these programs directly into the main codes
;o that the appropriate output can be generated directly during
the runs.

2. If the XXSOR and MACCSSOR codes are incorporated directly into the-
APET then it would be conucnient to be able to truncate on
absolute freque icy or at any intermediate conditional probability
at any step in the analysis (i.e., CD, APET, SOR, MACCSSOR, or
RISK).

,

3. Thermai/ Hydraulic analyses. In orcer to evaluate a large mimbe r
of sequences and to explore the output of a particular sequence
over the range of assessed values for tL input parameters, Lt.is-
important to be able to efficiently set-up and run large numbers
of calculations. Currently the MELCOR code is very sensitive to
changes in the input deck. Every time a new sequence or a
variation on a sequence already run was run, large numbers of new
crrors would appear that would result in termination of the
calculation _o- ather problems. These problems are typical of
large scale thermal / hydraulic codes not just MELCOR. However,

this is not acceptable for use in a PRA where we wish to make many
different calculations. It seems clear that, in order to make the
MELCOR code more usable in PRA analysis , the code must be made
more robust. Currently, the set of parameter values for which
integrated calculations can be performed without code problems is
very small (compared to t.he whole state space). Some set of . LHS
calculations needs to be performed to exercise the models in an
integrated Sshion over a wider range.
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10 SUPPLf ML NT ARY NOTES

1 t, ABST H ACT (rJo o,e e, seus

A Level III probabilistic risk assessment (PRA) was performed for the LaSalle Unit 2
nuclear power plant. The objective of this study was to provide an estimate of the
risk to the offsite population during full power operation of the plant and to
included a characterization of the uncertainties in the calculated risk values.
Uncertainties were included in the accident frequency ana'.ysis , accident progression,

analysis, and the source term analysis. Only weather uncertainties were included in
the consequence analysis. The risk estimates presented in this report include
contributions from both internal and external initiators. .

| The offsite risk to the public due to the operation of LaSalle County . Station is
! relatively low, especially with respect to the NRC se'ety goals. The mean individual
I early fatality risk within 1 mile is 1.1E-10/R-yr which is more -than three orders of

magnitude below the safety goal. Similarly, the mean individual latent cancer
fatality risk is 8. 5E-09/R-yr which is slightly more than two orders of ma5nitude
below the safety goal. In fact., the entire uncertainty distributions for these twn
risk measures lie below the safety goals. The mean values for early fatality risk
and for latent cancer fatality risk are 1.2E-08/R-yr and 0.25/R-yr,-respectively.
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