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Section 1.0
INTRODUCTION

The purpose of the report is to describe the results of an analysis which
evaluates various types of releases for potential core disruptive accidents at
the Clinch River Breeder Reactor Plant (CRBRP ). Event tree methodology is

used to define potential internally and externally initiated accident
,

sequences which cause release of radionuclides from the CRBRP primary system

and containment. These accident sequences are quantified by simplified fault
,

tree models of the safety systems and best estimate values of the
phenomenological events. .

Results indicating dominant accident sequences and their relative

contributions to potential Core Disruptive Accidents (CDA's) and associated
types of containment release modes are provided. These containment release

(or response) modes are defined in a form suitable for use in radiological
risk analysis. Once the containment leak rates and source terms are
identified and calculated for each containment release mode, the radiological
health effects can be assessed by combining the frequency and radiological
source term for each containment release mode.

Five separate event trees were constructed to analyze the progression of the
accident in an orderly and systematic manner using both phenomenological
uncertainties and functional frequencies (or system unavailabilities).

.

The remainder of the report is organized as follows: Section 2 provides a

summary of the limitations and the results of this study. Section 3.06

provides an overview of the methodology, and Section 4.0 describes the
procedure for defining the accident sequences. Section 5.0 details the
quantification of defined accident sequences and the CRBRP containment

.
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response. Assessment of the effect of external events on the plant behavior i

j is presented in Section 6.0. Secticn 7.0 contains a more detailed
presentation of the results and conclusion of the study. Finally Section 8.0

: contains a brief analysis of sensitivity of the results and a discussior, of
!the uncertainties. .
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Section 2

SUMMARY Ot " lie LIMITATIONS AND RESULTS

.

This section briefly discusses the limitations and the results obtained for
the CRBRP in this accident analysis study.

2.1 SCOPE AND LIMITATIONS
O

This study is a limited effort to identify and evaluate contributors to core
disruptive accidents and containment releases for the CRBRP. In most~

instances system and event data were selected from available literature and
'

are deemed to represent conservative values for initiator frequencies and
system function unavailabilities. No . detailed fault tree analysis has been

performed and potential modifications to enhance the reliability of specific
systems are not considered in the baseline analysis. (A sensitivity study is

included in Section 8 which indicates that increased redundancy of the DHRS
would reduce the frequency of protected core disruptive events.)

While, numerical values are presented for various core disruptive accident
categories and containment release modes, they should be considered as rough,
figure of merit type indicators. The major effort of this work was to

qualitatively structure the plant safety logic into a format suitable for
presentation of predominate core disruption and containment release sequences.
This work also attempted to include both internal and external initiators to
provide a more comprehensive picture of the total spectrum of contributions to.'
core disruption and containmant release. Thus quantificacion of the core

$ disruptive and containment release frequences was performed, primarily, to
gain perspective on the relative importance of the different accident
sequences which were constructed.

.

- 2-1
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A logical next follow-on step would be to critically review the quantification
process to increase our understanding and confidence in the calculated
estimates.

The sources of the uncertainties in the analysis are generally recognized, but
the scope of the effort has permitted only a modest effort in estimating the
effect of these uncertainties on the results of this study. Some of the

sources of uncertainties and limitations are:
o

'

e Uncertainties in the data used for system unavailabilities>

and phenomenological uncertaintiesi -

e. Uncertaintites in the modeling regarding the physical
~

'

behavior of the core, vessel, cavity, and the containment
under accident conditions; e.g., how the dispersion of the
fuel debris inside the cavity can affect upper RCB
overpressurization and does it lead to early (<24 hours)
or late (>24 hours) venting to prevent a threat to
containment integrity.

e Accidents occuring originally within the core at power are
analyzed. Other sources and conditions of accidents are

|~ not assessed. However, they are judged not to be dominant
accident sequences.

e The basemat penetration mode of containment response was -

not investigated to identify distance of penetration of -
the molten debris and material into the basemat.

e Loss of Flow (LOF) driven Transient Overpower (TOP)
accidents are not analyzed as part of this study. They
are judged not to be dominant sequences, however.

~

e This study estimates the frequency of the containment-

release caused by low-probability beyond design basics
(Class 9) accidents, and is not intended to analyze the

e Design Basis Accidents (DBA's). However, it is believed
that the design basis accidents will not have significant
risk implications compared to Class 9 accidents

' (limitation).

'

.

.

'
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2.2 RESULTS SUMMARY

The reader is directed to Section 7.0 for detailed results of this analysis.

Table 2-1 shows the estimated frequency of the Core Disruptive Accidents

(CDA's) for CRBRP. Table 2-1 shnws that more than 58 percent of the frequency
of core disruptive accidents are caused by protected Loss of Heat Sink (LOHS)
accidents. More than 90 percent af the LOHS frequer.cy is contributed by

simultaneous failure of all three rupture disks in the Intermediate Heat
'

Transport (IHT) loops accompanied by activation of the Sodium-Water Reaction
Pressure Relief System (SWRPRS) which dumps the IHTS Sodium into a dump tank.

' Decay Heat Removal System (DHRS) would be the only means of post-accident
decay heat removal in this situation.

. ,

Following LOHS accidents the most dominant CDA is an Unprotected Loss of Flow
(ULOF) accident, which comprises 24% of all CDAs. Two of every three ULOFs is

initiated by a spurious Plant Protection System (PPS) signal followed by the
trip of the primary sodium pumps and failure of both primary and secondary
shutdown systems.

The third most frequent core disruptive accident is a Transient Overpower
accident (TOP) and represent 8 percent of the fequency of the core disruptive
accidents. Almost all of the TOP Core disruptive accidents are initiated by
earthquakes, more than 70 percent of which are those earthq9ake greater than
Safe Shutdown Eathquake (>SSE).

.

I
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TABLE 2-1

ESTIMATED FREQUENCY OF CORE DISRUPTIVE ACCIDENTS (CDA'S) FOR CRBRP

'

Estimated CDA Reccurance )b

Frequency, Initiated by Estimated CDA Recurrance
Internal (Random) Events Frequency by External
Mean per Year (Percent Events, Mean Per Year

Accident Category ) of Total) (Percent of the Total)a
.

ULOF 5.5 x 10-5 (24) 1.0 x 10-7 (<1)
.

1.7 x 10-0 (1) 3.9 x 10-8 [41)UTOP

UTOP & ULOF 2.2 x 10-6 (1) 1.1 x 10-6 (1)
-

ULOHS 1.1 x 10-5 (5) 1.6 x 10-9 (<1)

ULOCA 4.3 x 10-11 (<1) 8.9 x 10-0 (<1)

Total Unprotected 7.0 x 10-5 (31) 1.3 x 10-6 (1)
~

LOHS 1.3 x 10-4 (58) 7.0 x 10-7 (<1)

LOCA 1.0 x 10-6 (<1) 4.9 x 10-6 (2)

TOP 1.0 x 10-7 (<1) 1.8 x 10-5 (8)

|

Total Protected 1.3 x 10-4 (58) 2.4 x 10-5 (10)*

| *

Total 2.0 x 10-4 (89) 2.5 x 10-5 (11)

a) See definitions on page 4-13

. b) Total number of challenges = 23 mean frequency / year

| 2-4
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These three dominant sequences all together cause almost 75 percent of the
frequency of core disruptive accidents, and close to 60% of the frequency of
unfiltered releases from the containment.

Additional results of this analysis are frequency estimates of the CRBRP
containment releases. Table 2-2 shows the containment release frequencies.

For this analysis nine different containment response modes have been defined;
.

some represent containment failure and some imply successful operation of the
containment as designed. The most frequent responses of the containment are

' early (before 24 hours) or late (after 24 hours) venting of the containment
atmosphere through the clean-up system (scrubbers and filters). This occurs

~

at a mean frequency of 2.4x10-4 per year or nearly 95 percent of the time a
CDA occurs. A considerable uncertainty is associated with the timing of

different physical phenomena, and, therefore, the distribution of the filtered
releases-betweeen early and late release is subject to great uncertainty until
further investigations and/or studies are carried-out.

Seven modes of unfiltered containment releases have been identified for the
CRBRP containment. These modes vary over a wide range of release

characteristic, from a slowly leaking containment after a core disruptive
accident and vessel failure (low consequence), to a gross instantaneous
failure of the containment due to a CDA initiated missile or sodium spray fire

(high consequence).

The mean frequency of the unfiltered release from CRBRP containment is.

| estimated to be 1.3 x 10-5,per year or 5 out of every one hundred CDA events.
The most frequent of these release modes are either an overpressure failures

caused by total loss of AC power or leakage accross the confinement /contain-
ment if a venting cannot be established when necessary and the containment
maintains its integrity. These two r'elease modes comprise 73% of the
frequency of the unfiltered releases.

2-5
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Table 2.2

SUMMARY OF CRBRP CONTAINMENT RELEASE FREQUENCIES

.

Mean Frequency Per
Year Caused by Mean Frequency Per Year
internal Acetdents caused by External Events

Containment) Description of Containment (Percent of Total (Percent of the Totala

Response Mode Response Model Release) Release)

R1 (MIS) Early Containment Failure due to 1.2 x 10*8 (G )* 2.0 x 10*I ( G )
CDA Initiated Missile

.

R2 (EOP) Early Containment Overpressure Failure 2.4 x 10-8 (G ) 3.9x10~'((1)
due to CDA Initiated Sodium Fire

.

R3 (C1) Containment Isolation Failure 5.1 x 10*I (<1) 1.0x10~I(G)

R4 (EDV) Early Dirty Vent. Unfiltered Release 1.7 x 10*I ( G ) 1.3 x 10~0 (0.5)
'

R$ (OP) Containment Overpressure Failure 1.2 x 10~8 (0.5) 3.3 x 10-6 (g,3)

R6 (LDV) Late Dirty Vent. Unfilt'ered Release 1.7 x 10~7 (G ) 1.3.x 10-6 (0.5)

RF (LMI) Leakage Accross the Steel Shell 3.4 x 10~7 ( G ) 4.2 x 10-6 (1.6)

R8 (ECV) Early Clean Vent Through the Scrubbers 1.0 x 10*4 (38.5) 2.4 x 10-5 gg)
and Filters

R9 (LCV) Late Clean Vent Through the scrubbers 1.0 x 10~4 (38.5) 2.4 x 10 5 gg)
and Filters

2.0 x 10~4 (77) 4.8 x 10-5 ggg)
Total Filtered

Frequency of
2.5 x 10-6 (1) 1.0 x 10-5 (4)Release thfiltered

.

a) See definitions on page 4-26
.s

.
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The mean frequency of hypothetically based ultra-high energetic CDAs causing
early releases by missile ejections is estimated to be about 1.4 x 10-87yp op,

one per 20,000 CDAs.

Additionally, early containment failures could possibly occur because of .a
large sodium spray fire. The ejection of sufficient sodium spray into the
upper reactor containment building would, as in the missile case, require an
ultra-high energetic CDA. In this sequence, however, there is also the

,

consideration of how much oxygen would be available to react with the sodium

spray. Some investigators (2) have limited the oxygen supply to that in the
head access area, and thus, limited the extent of potential spray fires. This'

analysis presumes that a spray fire might not be terminated early because of
.

oxygen starvation.

Within the assumption of this analysis there is a small possibility of
containment of radionuclides within the primary system given a CDA. The mean

frequency of a CDA and core retention within the primary system is about
3.4 x 10-8 per year or once out of every seven thousand CDAs. This is

primarily due to estimates of little or no core retention capability of the
reactor vessel following a COA.

l

.

i
~

;

.

2-7
.

%W

. . _ . u. , _ _ _
,._

_ _ . _ - _ ___-

_



. _ -

Section 3
METHODOLOGY OVERVIEW

In this study probabilistic methods are employed to identify potential
accident sequences and to evaluate the expected frequency of the CRBRP
containment responses. The methodology involves the use of event trees to
define the possible accident sequences. These sequences are then quantified

.

using simplified system fault models to identi fy potentially significant
~

sequences.
.

As a first step, potential accident initiators were derived from appropriate
.

safety and reliability studies. Possibility of omitting significant sequences
was minimized by a thorough review of their documents by those experienced
with PRAs for special classes of reactors as well as for LMFBR's.

Once the accident initiators were identified, five separate event trees were

constructed for different phases of accidents in order to follow their

progression in a systematic manner. These event trees are:

e Accident Initiator Event Tree
.

| e Shutdown Heat Removal Event Tree

|

e Reactor Vessel Event Tree
.

e Reactor Cavity Event Tree
|

| b

e Upper Reactor Containment Building Event Tree

These event trees identify potential scenarios which can cause containment
failure. The frequency of potential Core Disruptive Accidents (CDAs) were
evaluated with the accident initiator event tree. This event tree was

evaluated for each one of the identified accident initiator groups to estimate

the frequency of different CDAs.
3-1
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Once the frequency of CDAs are know, this information is converted into
different initial core damage category frequencies. Four categories of core

damage were defined ranging from benign core melt to an extremely high
energetic core distruptive accident with potential for failing the vessel and
containment building directly. These core damage categories were then used as

initiating events in the reactor vessel event tree. The phenomenological

events inside the reactor vessel produce the outcomes which are grouped into
,

four different modes of vessel response.

* The four vessel response mcdes are initiating events in the reactor cavity
event tree. Different phenomenological events in the cavity result in four

, modes of cavity response.

The four cavity response modes then initiate events in the upper RCB which are
then analyzed using the upper RCB event tree. The outcome of the upper RCB

event trees are the containment response modes. Nine different modes of
containment response are identified and evaluated in this study.

Once the accident sequences are defined by means of event trees, simple fault
tree models were constructed to represent each safety function (i .e. , to
define event tree branch points). The event trees togeter with the simplified
fault trees form the basis of a safety logic model, which evaluates the

frequency of these sequences and containment responses.

+' Figure 3.1 shows the interrlationship among the steps of this study to model
the CRBRP accidents.

|

,

!
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Figure 3.1

{ CRBRP ACCIDENT SEQUENCE MODELING FLOW DIAGRAM
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Section 4.0

ACCIDENT SEQUENCE MODELING

This section describes the systematic approach to define and model the

potential accident sequences which can result in release of radionuclide from
the containment.

'

4.1 DESCRIPTION OF NEY PLANT SAFTEY FUNCTIONS

* The accident analysis of the CRBRP requires the investigation of the following
systems or functions to assess the frequency of their failure:

,

o Turbine Bypass System (TBS)
.

e Plant Protection System (PPS)

e Emergency Shutdown System (SCRAM)

e Pump Trip (PT)

e Shutdown Heat Removal System (9 IRS)

e Containment Isolation (CI)

e Containment Annulus Cooling System (AC)

e Containment Vent and Purge System (VPS)

e Clean-Up System, Scrubbers and Filters (CU)

.- e Electric Power System (EPS)

This section is intended to provide a brief description of these systems and
| their functions. Further information can be obtained in various documents*

published concerning the CRBRP (References, 1, 2, and 3).

.

~
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4.1.1 Turbine Bypass System (TBS)

The TBS provides electrical power to the plant auxiliary loads during loss of
load events, by keeping the turbine generator online. Upon load rejections,
the TBS is designed to initiate steam dumping by bypassing steam to the

condenser and throttling down on the steam flows to the turbine generator to
reduce the power at 3%/ min. from 100% to 15% in order to supply plant

auxiliary electric loads. The present design of CRBRP accomplishes this
,

objective except when loss of off-site power results from emergency or faulted
events.

.

4.1.2 Plant Prctection System (PPS) -
,

For the purposes of this study the PPS i:: defined as part of the reactor

shutdown system which detects any condition in the plant which may affect the
generation or orderly transport of heat. This system also initiates the

appropriate response to these abnormalities in the plant to mitigate their
consequeaces. In most cases this response is emergency shutdow1 by activating
the pump trip and SCRAM systems. This system consists of two separate logic
trains which provide functional redundancy and partial diversity.

j4.1.3 Shutdown System (SCRAM)

SCRAM refers to the mechanical subsystem of the reactor shutdown system, and
includes the primary and secondary control rod systems and their actuators.*

The primary SCRAM system has 9 rod assemblies and their associated actuator
mechanisms. SCRAM is initiated by removing power from the stator winding of a-

stepping motor for each rod. The primary rods drop into the core by gravity,
assisted by springs. The secondary SCRAM system has 6 ems and their

.

4
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associated actuator mechanisms. SCRAM is initiated by removing power from two
' of three solenoid valves for each of the six assemblies. In addition, the

secondary rods are sided by coolant flow for insertion. The secondary SCRAM

system is not designed for a safe-shutdown earthquake. Primary control rods
are used for both Control and SCRAM, but the secoridary rods are only used foor
SCRAM.

4.1.4 _Ptmp Trip (PT)
.

The purpose of this function is to shift the primary and intermediate sodium
* pump drives from the main motcrs to the pony motors when a PPS signal shuts

down the reactor. Each pump circuit has two breakers in series which receive
,

signals from the PPS. The two redundant trains of PPS provide separate
signals to the breakers which removes the power from the motor of the breaker
and, therefore, trips the pump.

4.1.5 Shutdown Heat Removal System (SHRS)

This system is designed to remove the sensible and decay heat from the reactor
following a reactor shutdown. This heat can be transferred to the ultimate
heat sink via two different paths, each operating in forced or natural

circulation mode. One path is via the primary and intermediate transport
loops by using the steam-water subsystem as the ultimate heat sink. The other
path is the Direct Heat Removal System (DHRS) and deposits the heat into the

| atmosphere through air blast heat exchangers.
.

4.1.5.1 Shutdown Heat Removal Via Main Heat Transport System (> tits)

~

l The MHTS subsystem can transfer the decay heat to normal or emergency heat'

sinks in the steam-water subsystem via three primary and intermediate sodium
loops. Decay heat can be removed via PtiTS with either forced or natural
circulation in the primary and intermediate sodium loops. Heat from each

| intermediate loop is then transferred to the steam-water subsystem through a
' steam generator system consisting of two evaporator modules and one steam

superheater module on each loop. The heat then can be removed from the steam
,

| 4-3
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generatcrs by either main feedwater or auxiliary feedwater system. The main

feedwater system uses three motor-driven feedwater pumps and three

motor-driven condensate pumps and takes water from the condenser hot well or
condensate water storage tank. The auxiliary feedwater system has two 50%
motor-driven pumps and one 100% steam turbine-driven pt.mp , and they take
suction from the Protected Water Storage Tank (PWST) with the condensate
storage tank providing an unprotected source of make-up. The steam is then
vented directly into the atmosphere and it is also condensed through the three

,

Protected Air-Cooled Condensers (PACCs). The venting, used for short-term

heat removal, is provided through two power-operated relief valves on each
*

steam drum. One PACC is associated with each steam generator. Saturated;

steam is supplied to each PACC from its related steam drum and is returned as
,

saturated water to the steam drum, which is at a lower elevation, by gravity

fl ow. Two fans, each on a separate class IE power source, force the air

across the PACC tubes.

For decay heat removal via MHTS in the natural circulation mode, all primary
and intermediate loops should remain intact and active operation of either
main feedwater or auxiliary feedwater is required to remove the heat from the
steam generators.

However, studies are being conducted which show that the decay heat can be
removed adequately from the steam drums using the PACCs in the natural draft,

operation mode. In this mode natural circulation is established between each

| steam drum and its associated PACC, with the help of natt;ral draft across the
PACC tubes, and higher elevation of PACC with respect to its associated steam.-

drum.
-

.

4.1.5.2 Shutdown Heat Removal via Direct Heat Removal System (OHRS)
.

If the process of decay heat removal through MHTS is unavailable, the DHRS can

| remove the decay heat from the reactor vessei provided that at least one of
the primary loop pony motors is operational to provide coolant mixing inside

.
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the reactor vessel, and all primary loops are capable of providing a flow
'

path. This system draws spill-over sodium from an overflow vessel and

circulates it through the overflow heat exchanger by two Electro Magnetic (EM)
pumps. The heat is then extracted from the overflow heat exchanger via two
NaK loops and is transferred to the atmosphere using two air blast heat

exchangers. Both NaK loops are necessary to provide adequate heat removal
which makes DHRS a single train non-redundant system. The DHRS must be

initiated manually.
,

.

4.1.6 Containment Systems
.

The reactor confinement / containment system is designed as a last barrier to
.

prevent the release of radioactivity to the environment. Several auxiliary
systems and engineered safety systems are provided to mitigate the

consequences of r, accident which may threaten containment integrity.

4.1.6.1 Containment Isolation System

The containment isolation system is designed to seal-off all reactor

containment building penetrations in the event of an accident in order to

prevent any escape of radioactive material from within the containment

building to the environment. The system is comprised of isolation valves with
their control and actuating equipments. The control system includes both

automatic and manual operation in most cases. The isolation valves and their
associated actuators close on loss of air or electric power. All lines,

j except those that lead into closed Class 11 Systems (i.e., the IHTS), which*

'

penetrates the containment have redundant isolation valves in series, with one
located within and one located outside the RCB. This ensures operation-

following either internal or external accidents.

|

!
l

.
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4.1.6.2 RCB Annulus Air Cooling System

This system is provided to maintain the temperature of the steel containment
shell and confinement concrete structure so as to prevent the structural
failure of the confinement / containment system. -

Six redundant 133,000 CFM (cubic feet per minute) fans are provided (3 on each
train) which push the outside air into the annulus between the steel

,

containment and concrete confinement. The annulus is partioned to provide a
spiral air flow path discharing at the top of the confinement dome. The

~

intake and the exhaust opening are protected against missiles, and screens are
used at the intake to protect the fans from the debris. The fans use

,

redundant power sources from either off-site or emergency power. The Reactor

Containment Building (RCB) annulus air cooling system must be manually-
initiated.

I

4.1.6.3 Reactor Containment Building Vent and Purge System

This system is designed to relieve the containment pressure build-up within
the upper RCB. The system consists of two yent lines with redundant fans to

| provide forced venting of the containment atmosphere. This system is designed
| to remain functional with sodium aerosols entering the system. The RCB vent

{ and purge system in combination with clean-up system maintain a 1/4-inch of
water gauge (or 0.622 m bars) negative pressure inside the containment after
the initial ventdown. The vent system is connected to the clean-up system
through redundant pipes. The purge system is operated by opening redundant-

isolation valves after containment is at negative pressure. Check valves and

narrow range pressure instruuentation interlocks on the purge lines prevent.
,

backflow from the containment. Both vent and purge requires remote manual
actuation from the control room.

.

.
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4.1.6.4 Reactor Containment Building Clean-Up System

Th'e RCB clean-up system is comprised of three filtration stages located on the
vent lines before venting through the discharge at the top of the confinement
dome. There are two 100% redundant filter Lnits consisting of a heating coil',
demister, prefilter bank (jet scrubber) and HEPA (wet scrubber) filter bank.
The system is required to remove 99% of solids and/or liquid radioactive
material and 97% of the vapors. The system is designed to remain functional

,

with predictable sodium aerosol ingestion and contained radioactivity and heat
generation from fission products.

.

4.2 ACCIDENT INITIATING EVENTS .

The starting point for modeling of the accident sequences which result in
releases of radionuclides from the containment is to identify the initiating

events which may start such a sequence of events.

There are two basic causes for initiating an accident:

e An increase i n the reactor power beyond the design
capacity of the heat transport system (overpower
transients).

e Imbalance between the heat produced in the core and the
heat being removed from the core due to inadequate (or

|
loss of) heat removal (undercooling transients).

either of these two conditions require the shutdown of the reactor and remova'
,

of the decay heat.

.

#

9

(
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In order to account for all the possible initiating events in a systematic

fashion six different accident initiating event categories were defined.

These categories are defined for each subsystem which" is' part of the plant
normal operation for generation and transport of heat in a controlled manner.

.

These categories are:'

I- Operator Subsystem

II - Reactor Subsystem.

III - Heat Transport Subsystem
.

IV - Steam / Water Subsystem

V- Electrical / Control Subsystem -

VI - External Events

The first category is the accidents which do not require fast automatic

shutdown of the reactor, but the reactor must be shutdown manually for repair.
The secondary category of accidents are the ones happening in the reactor

system such as fuel failure or other reactivity related accidents. The

accidents initiated in the heat transport system (primary or secondary sodium
loops) are grouped in category three. Category four includes the accidents
involving steam, .feedwater or condensate systems. The accidents which start
in the electrical or control systems are in category five. And the last

category includes the accidents which are initiated due to external causes.
Table 4.1 shows a list of these accident initiators and their estimated mean
recurrence frequency.

.

.

|
.
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Table 4.1

LIST OF ACCIDENT INITIATING EVENTS FOR CRBRP

Estimated
Accident Initfator Frequency Mean Reference

Per Year

1. Operator System -
'

1. Normal htdown with StR$ Available 3.3 CRBRB Safety Study
,

2. Normal Shutdom with one NT loop unavailable 2.2 CRBRP Safety Study
'

3. Normal h tdown with DHR5 unavailable 6.3 a 10*I CR8RP Safety Study
.

II. Reactor Safety

4. Local Fault Propagation, Subassembly Faults 2.7 a 10*4 CABRP Safety Study
,

5. Fuel Ptn Failure. Local Radial Motion 2.7 a 10-5 CR8RP Safety Study

6. Core Support Structure Failure 5.2 a 10*I CR8RP Safety Study

7. Large scale Core Motion 6.2 a 10*' CR8RP Safety Study
.

8. Loss of Hydraulic Moldown 2.7 a 10*4 CABRP Saftty Study

9. Single CA Assembly Withdrawal, Low Speed 3.8 a 10*I CRBRP Safety Study

10. Single CR Assembly Withdrawal, High Speed 2.1 a 10*' CR8RP Safety Study

11. Control Assembly Group Withdrawal Low Speed 3.8 a 10*I CRBAP Safety Study

12. Control Assembly Group Withdrawal, High Speed 8.0 a 10*I CR8RP Safety Study

13.VoldingorGasSutibleintheCore 2.7 a 10 5 CRBAP Safety Study

14. Moderator in the Coolant 2.1 a 10 5 CRBRP Safety Study

15. Spurtous OHR5 Injection. valve Faults 2.9 a 10*3 NUREG/CR-2681

*I16. Imcontrolled CR Assembly Drop CROM Faults 6.5 a 10 EPRI NP-2230

.

e

.

*
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Table 4.1

LIST OF ACCIDENT INITIATING EVENTS FOR CRBRP (Continued)

Estimated *

Accident Initiator Frequency Mean Reference
Per Year

lit. Heat Transport Systes

17. Primary Pipe Rupture 5.2 a 10*" CR8RP Safety Study

18. Reactor Vessel Rupture 5.2 a 10-6 CR8AP safety Study*

19. Losi, of Flow in 1 Primary Loop 7.5 a 10*I NLREG/CR-2681

20. Loss of Flow in 2 Primary Loops 2.5 a 10 2 NUREG/CR-2681.

21. Loss of Flow in all 3 Primary Loops 1.3 a 10-2 NUREG/CR-2681

i 22. Spurious PPS signal 8.8 CRBRP safety Study -

23. Intermediate Pipe Rupture 5.2 x 10-6 CRBRP Safety Study

24. Intermediate Heat Exchanger Rupture 5.2 a 10 6 CR8RP safety Study

25; Loss of Flow in 1 Intermediate Loop 7.5 a 10*I NUREG/CR-2681

26. Loss of Flow in 2 Intermediate Loops 2.5 a 10 2 NtREG/CR-2681

27. Loss of Flow in All 3 Intermediate Loops 1.3 a 10 2 NtREG/CR 2681

28. Failure of the E/sture Disk in 1 Int Loop 1.0 WARD-D-0118 4

29. Failure of the Rupture Olsks in 2 Int Loops 3.8 a 10*I WARD-O-0118

30. Failure of the Rupture Disks in all 3 Int Loops 2.5 a 10 2 WARD-D-0118

31. Drain Valve Failure Dumping Ma into the IHTS 2.7 a 10 5 Failure Data -'

l
i

:

|
.

|

-

%

o

|
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Table 4.1

LIST OF ACCIDENT INITIATING EVENTS FOR CRBRP (Continued)

Estimated
Accident Initiator Frequency Mean Reference

per Year

IV. Steam / Water System

32. Loss of One Steam Generator Loop 1.3 a 10*I CR8tP Safety Study

33. Loss of All 3 Steam Generator Loops 3.8 a 10 5 CR8AP safety Study
*

34. Steae Generator Tube Rupture (Leak) 1.3 a 10*I CABRP safety Study

- 35. Steam Pipe Rupture 2.0 a 10*3 Zion Prob. Safety Study
*

36.*LossofMainFeedwater(inclFWPipeRupture) 2.6 MlREG/CR-2681

37. Loss of Main Conderser 3.3 a 10*I CRBRP safety Study *

,

38. Turbine-Generator Trip I.! CABRP Safety Study

V. Electrical / Control System

39. Loss of DC Power 5.2 a 10*I CABRP Safety Study

40.LossofIACtoVitalPlantComponents(due 6.2 a 10 5 CRBRP Safety Study
to fire)

VI. Enternal Events .

41. Loss of Offsite Power 1.4 x 10*I EPRI MP-2230

42. Operating Basis Esthquake (08E) 2.3 a 10*3 CR8RP PSAR

43. Safe Shutdown Eathquake (55E) 2.4 x 10*4 CRBAP F5AR

44. Greater than SSE (BFE) 5.5 a 10 5 CRBRP PSAR

| TOTAL 23.1
! *

| .

.

e

O

e
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4.3 EVENT TREE DEVELO' MENT

This section describes the event trees developed to define the possible
'

accident scenarios for CRBRP. The following five event trees were constructed:
.

t -

e Accident Initiator Event tree
'

e Shutdown Heat Removal Event' tree
''

e Reactor Vessel Event tree
, ,,

I e Reactor Cavity Event Tree ,
,

e Upper Reactor Containment Building Event tree
"

4.3.1 Accident Initiator Event Tree
,

- .

This event tree defines the relationship between each accident init'ator and
the accident category (CDA) resulting from it. A generalized accident
initiator event tree is shown in Figure 4.1. The event heading descriptions

and their success criteria are defined in Table 4.2. The outcome of this
event tree will be different types of accident categories (or CDAs), such as
protected Loss Of Heat Sink (LOHS), Unprotected Loss Of Flow (ULOF), etc.

'
5"

4.3.2: Shutdown ileat Removal Event Tree
'

s

This event tree ; defines the modes of failure of sh$tdown hdat removal system.
'

|

| The starting eveiit is a protected accident, i.e., an accident with successful
shutdown of the reactor, and the outcoming events are either! t.ermination of.

the accident, Cold Shutdown Available (CSA) or a Protected Core Disruptive

. Accident (PCDA). The Unprotected Core Disruptive Accidents (UCDA's) will be
the outcome of the initiatc? event tree. -

|
'

;

I

6

1

~
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i Figure 4.1
1

1 Initiator Event Tree for CRBRP

I

Shutdown
'

Emergency Heat g
i

. Accident Shutdown Pump Renoval z

~1 Initiator Detection System Trip System g CDA Category

E
< =>

I PPS SCRAM PT SHRS [
,

1

!
Il CSA

t'

12 CF or TOP or LOCA or LOHS
w>j

.j
' 13 UCF & ULOF or UTOP & ULOF or

ULOCA or ULOF

. I4 UCF or UTOP or ULOCA or
ULOHS

,,

*

t 15 UCF or UTOP or ULOCA or
ULOHSl

ll
-u

-"
%--- ._ . _ _ _ ,_ ,

!!
:

!
'

L
'

'
! .

;
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Table 4.2

ACCIDENT INITIATOR EVENT TREE HEADINGS DESCRIPTION AND SUCCESS CRITERIA:

___

Heading Description Success Criteria .

PPS Detection - Plant Protection Signal To detect and provide
signal at least on one
of the two redundant.

channels.

.

SCRAM Emergency Reactor Shutdown Opening of at least 2
out of 3 SCRAM breakers .

to release the primary.

control rods or opening
,

of at least 2 out of 3
solenoid operated valves
to vent the argon
pressure, actuating the

'
SCRAM latch in each
secondary rod. The
number of rods required
will depend on the power
level and the type of
incident.

PT Primary Sodium Pump Trip Trip of all three
primary sodium pumps
given an emergency
shutdown signal.

O

SHRS Shutdown Heat Removal System Success criteria fo; the

SHRS is defined in |
*

Section' 4.3.2

_ _ _ _ __.

,

l *

-
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,

Four protected and seven unprotected core disruptive accidents are the outcome
of these two event trees. The protected accidents are:

o CF - Core Fault, the accidents which are initiated
within the fuel such as a fuel pin failure and

,

failure of SHRS after successful SCRAM.

e TOP - Transient Overpower, a reactivity insertion
transient followed by successful SCRAM and failure
of SHRS.

,

e LOCA - Loss of Coolant Accident, primary system ruptures .

spilling the primary sodium into che cavity, drops
the sodium level in the tank. The reactor is-

shutdown but SHRS fails.

e LOHS - Loss of Heat Sink, the accident starts in the heat
"

,

sink (secondary sodium loops or steam / water system4

or electrical / control system). The fuel is
initally intact, no overpower transient occurs and
the primary system boundary remains intact

'

maintaining the level of sodium. The reactor is
shutdown and the SHRS fails.

The seven unprotected accidents are:1)

e UCF - Unprotected Core Fault, starts the same way as
CF, but no SCRAM and no primary pump trip.

e UCF & Unprotected Core Fault and Loss of Flow, same as
ULOF - UCF with trip of primary sodium pumps.

- e UTOP - Unprotected Transient Overpower, a reactivity
insertion transient and failure to SCRAM the
reactor and trip the primary pumps.

e UTOP - Unprotected Transient Overpower and Loss of*

& ULOF Flow, same as UTOP with trip of primary sodium
pumps

.

e ULOCA - Unprotected Loss of Cooling Accident, same as
LOCA except the failure to shutdown the reactor

e ULOF - Unprotected Loss of F1ow, an undercooling
accident with failure to shutdown the reactor and
trip the primary pumps

e ULOHS - Unprotected Loss of Heat Sink, same as ULOF
except that the primary sodium pumps do trip

.

1) The LOF driven TOP is not considered in this study
4-15
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Figure 4.2 shows the SHRS event tree. The description of the event tree

headings and their success criteria is presented in Table 4.3.

4.3.3 CDA-Initial Core Damage Matrix

The purpose of this matrix is to define the distribution of the initial

energetics of core disruptive accidents. The energy of a core disruption is

important in determining structural and mechanical integrity of the primary
,

system (i .e. , reactor vessel head) and the possiblity of early containment
failure due to extermely high initial energetics, or the timing of thermal

~

vessel failure.
-

.

The element Ajj of this matrix is the conditional probability that the core
disruptiva accident CDA will have an energetic of the magnitude ICD .j 3

The outcome of the initiator and shutdown heat removal event trees, i.e., CDA

Vector is multiplied by the CDA-Initial Core Damage (CDA-ICD) matrix to obtain
the initial core damage vector. This vector defines the core disruptive

accidents in terms of four energy categories:

o CM - Melting of the core, no energetic disassembly
(like LWR core melt)*

e DCI - Benign core disruption, (partial) . fuel dispersal,
no vessel head damage

e DCII - Moderate core disruption, fuel dispersal in the
vessel, moderate head seal leakage,

,

e DCIII - Large core disruption, extensive head damage,
permitting free communication of gases and

~

liquids between vessel and upper RCB

These categories are the input events for the reactor vessel event tree.

Figure 4.3 shows the CDA-ICD matrix.

!
.

4-16
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The initial core damage categories are the responses of the core in the

initiation phase of the core disassembly and do not reflect the following

energetic disassemblies which may happen due to energetic recriticality and/or

Fuel Coolant Interaction (FCI). These phenomena are considered in the reactor

vessel event tree. In other words the transition and termination phases of

the disassembly and their effect on the primary system integrity is reflected
in the reactor vessel event tree.

.

e

G

4

.

e

d'

:
.
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Figure 4.2

SHUTDOWN HEAT REMOVAL SYSTEM EVENT TREE FOR CRBRP
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Table 4.3

SHRS EVENT TREE HEADINGS DESCRIPTION AND SUCCESS CRITERIA

.

.

Heading Description Success Criteria

HTS (S) Short Term forced decay heat removal Forced operation of one
.

through main heat transport loops heat transport loop (one
pony on of the primary -

loops and the pony on
its associated secondary,

loop) for four hours
.

MF&AF (S) Short term forced decay heat removal Either main feedwater
by main or auxiliary feedwater system or one turbine
system driven AFW pump or two

motor driven AFW pumps
help remove the decay
heat for four hours

HTS (L) Long term forced decay heat removal Same as HTS (S) for
through main heat transport loops after 4 hours up to 24

hours-

MF&AF (L) Long term forced decay heat dissipa- Either main feedwater
tion in the main or auxiliary feed- system or one of the AFW
water system pumps are available to

dissipate the decay heat
,

DHRS (S) Short term forced operation of decay Or.2 EM pump in the
Heat Removal System (Dl!RS) sodium loop, both NaK*

loops and airblast heat
'

exchangers, and all
three primary ponys are
needed for successful
removal of the decay
heat in the first four
hours

_

b
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Table 4.3 '

F

SHRS EVENT TREE HEADINGS DESCRIPTION AND SUCCESS CRITERIA (Continued)>

.

..

Heading Description Success Criteria
_

DHRS(L) Long term forced operation of decay One EM pump in the-

Heat Removal Systen (DHRS) sodium loop, both NaK
loops and airblast heat -

exchangers, and at'
,

least one primary pony
motor is needed for
successful removal of -

the. decay heat beyond
the first f.our hours

OP (NC) Initiation of natural circulation by Subcess in this event
the operator requires the operator

intervention ~ shutting,

off all the primary
ponys, if decay heat can
not be removed by forced
circulation

PACC Dissipation of the decay heat through The success requires
the Protected Air Cooled Condensers operation of one

,
(PACC's) of the PACC Systems in

1 - the forced or natural
draft mode in the same.

heat transport loop. If

feedwater is not
available the cooldown
of the system with~

complete natural
circulation is possible
for two hours before the
dry-out of the steam
system. However, it
would take several hours
to heat the system to a
temperature at which
core damage can occur.

,
,

'
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Table 4.3

SIRS EVENT-TREE HEADING DESCRIPTION AND SUCCESS CRITERIA (Continued)
-

.

.

.

Heading Description Success Criteria

REC Recovery of main or auxiliary The success implies the.

feedwater system recovery of the main or
auxiliary feedwater -

system within 2 hours
*

after the start of
natural draft in the
OACC's -

'

MF & AF Operation of the main auxiliary The success of this
feedwater system after either is event requires operation
recovered given they had failed of the main feedwater
previously pumo after recovery for

a period of 24 hours

: -

(

.

1

0

.

4
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Figure 4.3

CORE DISTRUTIVE ACCIDENT - IMITIAL CORE DAMAGE MATRIX

Thermal ,
Mechanical-

Initial Core
Benign Moderate largeDamage Category Co r',,

Core Core Core -

N Disruption Disruption DisruptionAccident
(CM) (DCI) (DCII) (DCIII)Classes

'

CF 1.0 e e e
y
as

TOP
3 1.0 'e c c

.

e
c- LOCA 1.0 c e c

.

LOHS 1.0 e e c

UCF c 0.8 0.2 0.05

UCF & ULOF c 0.8 0.2 0.05
'

_. _

, _ _ _

UTOP
Slow Ramp c 0.9 0.1 0.02
Med. Ramp c 0.9 0.1 0.02m

3 Fast Ramp e 0.9 0.1 0.02

$ Step e 0.9 0.1 0.02

2

[ UTOP & ULOF c 0.8 0.2 0.05

ULOCA e 0.8 0.2 0.05

c 0.9 0.1 0.01
ULOF

ULOHS c 0.8 0.2 0.05'

|

!

.

a

d

o
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In a protected accident the control rods successfully insert and the core

power (and energy) will drop. During the iniation phase of the protected

accidents the core is disrupted by melting until possible recriticality in the

later phases of the accident occurs (in most cases such a recriticality is

expected to occur, Ref. 7). -

On the other hand if the control rods fail to terminate the reaction, the high
reactivity insertion rates will cause super-prompt criticality and extremely

'

high power levels. If this high power level and pressure is maintained for a

long enough period of time (few milliseconds) an adequate amount of energy
~

' will be created causir.g fuel vaporization and subsequent energetic disassembly
(Ref. 3, 14, 15). It is conservatively assumed that all unprotected accidents

,

result in core disassembly. The energetics of the disassembly, however, vary
from benign to very high energies which may cause damage to the core support
structures, core barrel, vessel head or even indirectly to the containment.

The distribution of the initial energetics of the unprotected accidents were

estimated after thorough investigation of the relevent literature (references
2, 3, 14, 15). Wherever necessary conservative assuriiptions were made to
produce a defensible upper bound considering present knowledge of the behavior
of the LMFBR core under transient conditions.

.

.

9 4

.

=

=

4-23

s

m._ .m. ,e-- - -- .e--~rm - --- -w - - ~ ~ - = + - - - s
_



|-

.

1

!

;

)

4.3.4 Reactor Vessel Event Tree'

This event tree uses the initial core damage categories as initiating events

and the outcome of this event tree consists of four different vessel response
*

modes. These modes are as follows:

e VF1 No vessel head failure, no melt-though the bottom-

of the vessel, fuel is retained inside the vessel
.

No vessel head failure, melt-through the bottom ofe VF2 -

the vessel
.

Moderate vessel head failure, melt-through thee VF3 -

bottom of the vessel
,

e VF4 - Large vessel head failure caused by either the
energetic of the initial CDA or energetic
recriticality of FCI in the vessel. A spray fire
or missile may be ger..:ra ted by ultra-high
energetics in this category and directly fail the
containment / confinement builiding. Melt-through
of the bottom of the vessel follows.

Figure 4.4 shows the reactor vessel event tree. A brief description of the

reactor vessel event tree headings and their success criteria is presented in

Table 4.4

4.3.5 Reactor Cavity Event Tree

'

The reactor vessel response modes are input to the cavity event tree. Beceuse

of the simplicity of the cavity system, only one question is asked once the
,

vessel fails and the debris and. Other materials are transferred into the
cavity. The only question of concern seems to be the distribution of the hot

.

debris on the liner whi:h may affect the timing of the liner failure (faster
liner failure in the case of localized accumulation of the debris), and

therefore, heat and gas generation due to sodium and concrete -interaction.

The faster the liner breaks, the earlier the venting of the upper RCB must be

initiated.

.
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Figure 4.4

REACTOR VESSEL EVENT TREE FOR CRBRP

Mechanical
Fuel is MechantCal lategrity

Initial Mostly Energette lategrity of the
Core Olspersed Recritt. Fnergetic of the Vessel Vessel

Accident Damage Out of cality in FCI in the Vessel Head Bottom Seq. Response
Category Cat 3ory Vessel the Vessel Vessel is Retained is Retained Name Mode

CDA DC FO ER FCI VMR VBR

. VI vfl,

' ' '
V2 VF2

V3 VF3
.

V4 VF4' no

i V5 VF1
' V6 VF2 ,

V7 VF3

V8 VF4
CM

VS VF1i

'
V10 VF2

Vil VF3

V12 VF4

V13 VF1
i

'
V14 VF2

V15 VT2
|

' V16 VF3
j

Vl? VF4

VIS VF2

Vit VF3

I V20 VF4

v21 VF2

V22 VF3

V23 VF4

V24 VF2
.

Y26 V'3
i

'
V27 VF4

V29 VF3* i
'

DC 11 v30 VF4

V32 VF3
i

'
V33 VF4

V34 VF3

v35 VF4

V36 VF4
i

'
V37 VF4

V38 VF4,
' f39 VF4

,

4-25
.

|

-- - - - . - - ,. .-,__,mm....., , _ . , , _ . , , , , , . ._, , , _ . , . ..__
, _ , _ , ,, _ _ _ . . _ _ _



.

Table 4.4

REACTOR VESSEL EVENT TREE HEADING DESCRIPTION AND SUCCESS CRITERIA

'

Heading Description Success Criteria

FD Fuel dispersion after a Success implies that the fuel is'

core distruptive accident mostly dispersed out of the
vessel such that there is signi-,

ficantly less heat-producing
material left inside. -

.

.

ER In-Vessel energetic Top branch implies that the fuel
recriticality and clad motion following core

di.sruption results in a critical
mass which in turn causes an
energetic reaction which m y be
sufficient to inflict damage on
the system. However, recriti-
cality of high enough energy to
cause severe structural damage
is usually considered very un-
likely.

FCI In-Vessel energetic fuel Top branch implies that an
coolant interaction energetic FCI occurs either as a

consequence of subcooled liquid
sodium entry into the mostly de-+

stroyed core area or upon contact
of the melt draining downward

! into the lower plenum. However.

this question is included for
completeness and an FCI of signi-
ficant energy is very unlikely.

.,

|
'

.
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Table 4.4 (Continued)

REACTOR VESSEL EVENT TREE HEADING DESCRIPTION AND SUCCESS CRITERIA

'

Heading Description Success Criteria

VHR Mechanical integrity of This heading has three branches,
the vessel head The top branch represents no

head damage given an energetic
,

recriticality and/or FCI. The
middle branch is a moderate
damage to the vessel head caused

- by energetic recriticality and/
or FCI. And the icwer branch
shows large head damage and

,

release caused by an energetic
recriticality and/or FCI.

VBR Mechanical integrity of Success implies that no melt
the vessel bottom through the bottom of the vessel

occurs.

l

.

e

e

so

1 -

e
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The following four reactor cavity response modes have been identified:

Late / moderate basemat penetration. The fuel iso CF1 -

i reasonably uniformly dispersed within the reactor
cavity, no potential for coincident containment
failure -

Early/ severe basemat penetration. More localizede CF2 -

debris concentration within the reactor cavity
e.g., fuel jet, no potential for coincident
containment failure.

Same as CF1, except that coincident containmente CF3 -

failure by missile. ejection or sodium spray fire,

'
,

due to sodiuim pool boiling is possible

Same as CF2, except that coincident containment -e CF4 -

failure by missile ejection or sodium spray fire
due to sodium pool boiling is possible

Figure 4 5 shows the event tree for the reactor cavity.

4.3.6 Upper Reactor Containment Building Event Tree

The upper RCB event tree analyzes the physical relationship between the

reactor cavity response modes and the responses of the upper RCB. The

following nine modes of upper RCB responses were defined for the CRBRP
4 containment:

o LCV - Late (after 24 hours) clean (filtered) venting of
the containment

e ECV - Early (before 24 hours) clean (filtered) venting-

of the contatament

o LDV' - Late dirty (unfiltered) venting of the containment.

Early dirty (unfiltered) venting of thee EDY -

'

containment

Containment isolation failuree C1 -

Leakage beyond the design basis accross thee LKG -

reactor containment building, containment building
intact

.
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Figure 4.5

, REACTOR CAVITY EVENT TREE FOR CRBRP

Debris
Vessel Coolability Cavity
Response in the Cavity - Sequence Response
Mode Fuel Dispersion Name Mode

.

VF CD
_

" Yes-

yN
C1,3 CF1

.

C2,4 CF2
.

C5 CF3VF2 or VF3

C6 CF4

VF4 i

.

| 0

a

s

4
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Containment overpressure failure late in thee OP -

accident
4

e MIS - Early failure of the containment caused by CDA
generated missile

e E0P - Early containment overpressure failure due to CDA, -

mainly caused by sodium spray fire after large
vessel head damage and transfer of large
quantities of sodium sodium into the upper RCB

All of these containment release modes are followed by the debris atta.tking.

the concrete basemat. However, the degree of concrete basemat pentration was

not analyzed in this study.
,

Figure 4.6 shows the event tree for the upper RCB. The headings for this .

event tree are briefly described crd the success criteria for each event is
given in Table 4.5. .

.

o

Y

-
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Figure 4.6

UPPER REACTOR CONTAINMENT BUILDING EVENT TREE FOR CRBRP

farly Upper Clean Up i II
farly Upper Containment Annulus Containment System upper 2 Upper

Cavity Containment Overpressure Cooling Vent and (Scrubbers Containment . Containment

Response Failure due Failure (No Containment System Purge System andfilters) Overpressure Y Response
*

Mode
Made to a Missile fires) Isolation functions Functions functions failure g

Cf MS, OP, CI5 ACS VP5 CUS OP

DI. U19 LCV (CCV)#I,
'

U2. U20 OP
.

U3. U21 LDV ([OV),
' U4. U22 OP

U5. U23 LKG,
'

-
U6. U24 OP

U7 U25 (CV,p ' U8. U26 OPW
w

U9. U27 [OV,
, ' U10. U28 DP

g

Ull. U29 LKG,
'

U12. U30 OP.

U13. U31 Cl
y

' U14. U32 OP

U15. U33 CI
y

'
U16. U34 OP

U17. U35 CIi
' U18. U36 0F

U37. U55 to
U54. U72

U73. U75 DP E0P

U74. U76 MIS

i

|
i) In all cases followed by start of melt through the basemat. The degree of

-

penetration is not investigated

2) In the event of CF2, CF3, or CF4
E

4
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Table 4.5

UPPER REACTOR CONTAINMENT BUILDING EVENT TREE HEADINGS DESCRIPTION AND
SUCCES,S CRITERIA

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

|
Heading Description Success Criteria

Ms Early containment failure The success implies that the
g due to a CDA-generated initial energetics of CDA.or

missile following energetic recrictica--

lity and/or FCI are not capable
of creating a large enough
missile to fail the containment

. early in the accident.

.

OP Early containment over- The success of this event implies
pressure failure that the initial energetics of .

CDA or following energetic re-
criticality and/or FCI do not in-
ject sufficient sodium vapor into
the upper RCB or the condition
for large sodium spray fire to
fail the containment (e.g.suffi-
cient oxygen to burn all the
sodium which enters the upper RCB:
does not exist.

;

CI Containment isolation Containment is successfully
isolated to insure minimal
release of radionuclides to
the environment.'

I

1 ,

AC Annulus air cooling At least three out of the six
fans are required to adequately
coo.1 the annulus.

*
,

.
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Table 4.5

UPPER REACTOR CONTAINMENT BUILDING EVENT TREE HEADINGS DESCRIPTION AND
SUCCESS CRITERIA (Continued)

'

Heading Description Success Criteria

VPS Vent and purge system At least one of the vent lines
to provide the path and one of
the two blowers to provide'

forced vent is required.

.

CU Clean up System At least one of the two
redundant scrubber / filter
systems is operational.

.

.

.

!

.
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4.4 SYSTEM FAULT MODELING

For quantification of the accident sequences defined by the event trees,
frequency of the events which are the headings of the event trees have to be
astimated. The accident sequences are defined in terms of both the system
unavailabilities and phenomenological. uncertainties. Simplified fault trees

are used to estimate the unavailability of some of the systems used to

mitigate the progression of the accident. These systems are:
,

~

o Main Heat Transport Systems, including the primary and the
secondary sodium loops-

,
,

e A9xiliary feedwater system for short and long term
operation

a Decay Heat Removal System for short and long term
operation

e Protected Air Cooled Condenser

e Annulus Air Cooling System

o Containment Vent and Purge System

o Clean up System

o Electric Power Sys*,em

The simplified fault moceis constructed for these systems is shown in Appendix
A as part of the plant safety logic model.

,
The remaining sy:Lems were not nedeled using fault trc:es and frequency

estimates were used. These systems are:

'

e Plant Protection system

o Emergency Shutdown System (SCRAM)
.

e Pump Trip

e Steam Generator System

-

4-34
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l

e Main Feedwater and Condensate System

o Containment Isolation System

Estimates were also used for the phenomenological uncertainties.

4.5 ANALYSIS OF DEPENDENT EVENTS

In designing the safety systems great care has been taken to provide several
~ independent ways in which a safety function can be performed. Generally this

concern has been expressed in terms of redundancy and diversity so thet.
ideally, several independent system failures are necessary to fall a safei;y-

function. Yet, events occur which may affect several functions simultaneourly
and jeopardize the redundancy of the mitigative functions. In general, two

-

categories of equipn.ent failure can be identified:

e Independent or random failures

e Dependent failures

Due to diversity achieved through single failure criteria, the loss of a

mitigating function caused by independent random events have very low
frequencies. The dependent falures (or common cause failures) can play a
major role in the operability of the safety functions and overall safety of

the plant.
.

The causes of the dependency between several events is classifieo in five
categories:

.

e Initiating event dependencies
.

e Functional dependency - intersystem or intercomponent

e Common component - intersystem

o Physical dependencies - intersystem or intercomponent

in+arsystem or- e Human interaction dependencies -

intercomponent

.
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.

All of these types of dependencies have been accounted for in this analysis
i ~ and Table 4.6 describes each category and explains the method used to treat

that type of dependency.

.

..

.
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!
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.
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k
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I

I
'

.
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Table 4.6
3

DEPENDENT EVENTS, DESCRIPTION AND METHOD OF TREATMENT IN THIS STUDY
'

Dependent Event Method of Treatment In This Analysis
Causal Category Description

,

|

Initiating events such as Slesetc. fire. flood or etc. fattiated either No detailed assessment of these initiators (sostly
as an enternal event or in some reses tattleted inside referred to as enternal events) is preformed as part
the plant.

~ of this study. However. the frequency of Stessic and
t fire inttfators causing core damage and release of

radionucilde has been estimated and is presented in
Section 6.0

,

'4 Inter- If the function of one System is precluded by success These dependencies.are accounted for during the

i; System or failure of another System. construction of the event trees,

f'f FunctIanal
~ Dependencies Inter- The effective functiontag of one component is pr<uded These types of dependencies have been accounted for

Component due to success or fatture of another component, e.g. la the Stayttfled System fault models develope 6 for
failure of one of the air blast heat enchangers in the each safety function.
DHR$ $ystem precludes the requirement for the other one.

,

|' Common Component, The failure of a single component affects two or more This is accounted for by construction of the plant

j Intersysteg safety functions at the same time. e.g. loss of AC safety logic model emplained 'n Section 5.1.
power to both $HR5 and Annulus Cooling System simultane-;' .> ously.p g

" Inter- This happens when fatture of one function outs more This type of dependencies were accounted for in the
System stress on ths operetton of another funCtton. mostly quanttf tcation of plant safety logic model. e.g.

ij in terms of more severe environment. e.g. failure of the nas6ers used for fans and filters in the vent and
|.
||

Physical HVAC will affect the operation of all equipmen4s which clean up system reflect the entreme environmentai.

Dependencies require cooler environment to operate. condition such as temperature, aerosols, and etc.

!) Inter. The same as intersystem physical dnoendencies encept This is accounted for during the construction of the!.

' Component it happens between components of the same system. e.g. Simp 1tfled fault trees as part of a commen cause event

!i failure of one of the two parallel pump puts more stress introduced wherever effects such 45 this and/or others .

"' - on the second pump. were judged to entst.

Human Inter- Two or more systems falling to perform as designed due to part of this dependency caused during the emergency

Interaction System human error in any stages of the man-mechtne laterface; operation is accounted for by introducing comon cause
- Dependenr*ts design manufacturing, lasta11ation, test. maintenance. events in the plant safety logic model wherever human

* or operation. action is required. However the determination of the
dependencies between the safety function caused by
human interaction during other stages of his involve-
ment needs entensive leformation which is not available
at this stage of the project.

Inter- Failure of two or more components caused by a single human This has been accountad for in the simp 1tfled system!

Component error during any stage of machine interface which fault trees as part of a comon cause event for the
human failures committed during design manufacturing.. falls a system. lastallation and operation. To estimate the degree of,

damage done by human errors comitted during test and
'

malatenance leading to comon cause failures more de-
talled information about the test and maintenance' '

procedures is required.

.

'i

.,
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Section 5.0

ACCIDENT SEQUENCE QUANTIFICATION

This section prese?.ts the method and the data utilized to quantify the

accident sequences, and a description of the dominant , accident sequences for

internal (random) initiators.

'

5.1 PLANT SAFETY LOGIC MODEL
_

An overall safety logic model was constructed for the purpose of quantifying~

the accident sequences. The logic of this model involves representation of
,

'

the event trees .as a fault tree by boolean intersections including both

failure and success states. This model is being used to quantify the

frequency of the system unavailabilities, core disruptive accident, and

release frequencies. If desired in the same calculations other intermediate
results such as frequencies of the different shutdown heat removal system

failure modes can be obtained.

This approach makes it possible to keep tr:ck of all the interdependencies due
to common component, commer, human actions, or etc. which may affect

operability of several systems through the same cause. This is evident

especially due to support systems such as electric power and ultimate heat
sinks.

This logic model also provides a workable tool for the analysis of.

| sensitivities of the CDA or release frequenncies to may variables, such as

reliability of the emergency shutdown system. Section 8.0 discusses the
, ,

|
sensitivity of the results to some of the input variables. A listing of this

logic model is presented in Appendix A.

| Figure 5.1 shows a simplified structura of the plant safety logic model.
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Figure 5.1

EXAMPLE OF PLANT SAFETY LOGIC MODEL STRUCTURE
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Figure 5.1

. EXAMPLE OF PLANT SAFETY LOGIC MODEL STRUCTURE (Continued)
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Figure 5.1

EXAMPLE OF PLANT SAFETY LOGIC MODEL STRUCTURE (Continued) ;
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Figure 5.1

EXAMPLE OF PLANT SAFETY LOGIC MODEL STRUCTURE (Continued)
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5.2 DATA BASE

Two types of input parameter are necessary for the quantification of the

accident sequences, 1) the equipment or human failure frequency and 2) the
phenomenological uncertainties. Appendix B contains the data used for

quantification of these sequences.
.

5.3 DOMINANT ACCIDENT SEQUENCES
-

.

This section describes the frequency of the core disruptive accidents and
containment release caused by internal (random) accident initiators and the"

dominant accident sequences. Thirteen dominant CDA sequences were identified
with mean frequencies of greater than 10-0

'

per year.

The two most dominant sequences are:

e A LOHS caused by failure of all three intermediate loop
rupture disks, LOHS (RD), and

A ULOF caused by a spurious pps signal, ULOF (PPS)e

These two sequences cause more than 78% of the frequency of CDA by random
initiators. The total mean frequency of internally initiated CDA's are

10-4 per year. The frequency of the containment release modes are2.0 x

presented in Table 5.2, the total mean frequency of unfiltered release from
internally initiated accident is 2.5 x 10-6 per year.

.

e

3

5-6
'

,

-- ,, - ,. - . . -,. . . . - - - . - , . .



Table 5.1

LIST OF DOMINANT CDA SEQUENCES FOR INTERNALLY INITIATED ACCIDENTS

Mean
-

Frequency
of CDA Per

Rank CDA Sequence Year Percent

LOHS(RD)1) 1.2 x 10-4 60%1.

-5
2 ULOF(PPS) 3.6 x 10 18% -

-6~

3 ULOF(FW) 7.7 x 10 4g

-6
4 ULOF (1_ HTS) 7.2 x 10 4g ,

-0
5 ULOHS (FW) 4.7 x 10 2%

6 LOHS (FW) 4.6 x 10-6 2%

7 ULOHS (1_ HTS) 4.3 x 10.0 2%
-

8 ULOF(T/G) 2.8 x 10-6 1%

-6
9 ULOHS'(T/G) 1.7 x 10 <1%

-6
10 LOHS (LOSP) 1.3 x 10 ,1g

-6
11 LOHS (3__ HTS) 1.3 x 10 <1g

12 LOHS (NSD/DHRS) 1.1 x 10-0 <1%

13 LOCA (RPB) 1.0 x 10-6 <1%

.

.

1) The characters in the parenthesis are the accident initiators causing
.

the CDA:

RD - Simultaneous rupture cf all three intermediate loop tupture disks

PPS - Inadvertent plant protection signal
FW - Malfunctions in the feedwater system

1_ HTS - Loss of one heat transport loop

T/G - Turbine / generator trip

LOSP - Loss of off site power .

3_ HTS
- Loss of all three heat transport loops

NSD/DHRS - Normal shutdown due to failures in DHRS, DHRS unavailable

RPB - Rupture of the primary boundary

5-7
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Table 5.2

CONTAINMENT RELEASE FREQUENCIES FOR INTERNALLY INITIATED ACCIDENTS ,

i

*

Description of Conta1Iwnent Mean Frequenc2Containment
Response Mode Response Mode Per Year*

3.4 x 10*ILEG Leakage Accross the Steel Shell

LCV Late Clean Vent through the Scrubbers and Filters 1.0 x 10*4

ECV Early Clean Vent Through the Scrubbers and Filters 1.0 x 10*4
.

,

1.7 x 10*ILDV Late Otrty Vent, thftltered Release

1.7 x 10*IEDV Early Dirty Vent, thfiltered Release

5.1 x 10*IC1 Containment Isolation Failure

1.2 x 10*8OP Containment Overpressure Failure

MS Early Containment Failure due to CDA Initiated Missile 1.2 x 10*O

OP, Early Containment Overpressure Failure due to CDA
2.4 x 10'8Initiated Sodium Fire

2.0's 10~4Total Filtered
Frequency of

2.5 x 10*6Release thf t ttered

i

D

l *

|

.

e

m
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Section 6.0
EXTERNAL EVENTS

*

.

O

In this section external events which impact the fraquency of the core

disruptive accident and containment release modes are briefly discussed and
their contribution in the frequency of the containment release is estimated. -

.

These events are basically additional accident initiating events, and are

treated with the same approach as for internal (random) initiators. However,
'

the effect of these accidents on the p1~ ant safety functions are more severe in
terms of both additional stress and common cause. Therefore these accidents

.

are analyzed separately and will be integrated in Section 7.0.

6.1 SIESMIC ACCIDENTS

The analysis of siesmic accidents was divided into three sizes of earthquake,
Operating Basis Earthquakes (CBE), Safe Shutdown Eathquake's (SSE), and
earthquakes greater than SSE (>SSE). Table 6-1 shows the range of magnitutde

and frequency of these earthquakes.

First events trees were used to define the sequences leading to CDA and

containment release under siesmic load and if the plant response is affected
by adding new sequences due to earthquakes. Second the conditional frequency
of plant safety function failures and events were estimated. Third using the ,

events trees and conditional frequencies the frequencies of CDA's ande

containment releases were estimated for OBE, SSE, and greater than SSE

accidents'..

.

'
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Table 6.1

Categories of Earthquakes and Their Frequencies
.

I

!

Point Estimate
;

Ground Acceleration Richter Frequency per
Magnitude YearEarthquake g

,

1

Operating Basis Earthquake 0.05 g < a < 0.15 g 5 < a < 5.7 1.4 x 10-3
I

'

(OBE)

m
, -4

Safe Shutdown Earthquake 0.15 < a < 0.35 g 5.7 < a < 7 1.5 x 10'

(SSE)

-5
Greater than Safe Shutdown a > 0.35 g a>7 3.4 x 10
Earthquake (>SSE) ,

t

. .- --- ..~. _' . - . - - - - . . . . .
_
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The event trees used in this analysis are consistent with the ones previously
used except in the beginning of each event tree, the question was asked with
regards to the' status of the system under consideration after earthquake, e.g.
in the cavity event tree the first question is whether the liner has survived

I the earthquake or is failed under siesmic stress. However, in order to to

identify the type of accident initiator which is caused by the earthquake the
pre-initiator event tree of Figure 6.1 is defined. The type of accidents are
either a reactivity insertion, or a rupture of the Primary Boundary (PB) or

,

combination of both in a core which may or may not already be damaged by the
earthquake.

~

.

The conditional frequency estimates of Table 6.2 were employed as best
.

estimates to qualify the siesmic sequences defined. These frequencies are
used from N UREG/CR-2681 (Ref. 4) and are purely based on engineering
judgement. Some of these numbers, however, were changed which reflects our
jedgement of these events under siesmic conditions.

Ten CDA sequences with frequencies greater than 10-7 were identified for,

siesmic initiator as shown in Table 6.3. The most dominant sequence is a
Transient Overpower (TOP) CDA caused by an earthquake greater than SSE which
cnmprise 52% of the frequency of CDA's, caused by earthquakes. Total frequency
of siesmically initiated core disruptive accident is 2.5 x 10-5 mean frequency
per year.

:
|

Table 6.4 shows the containment release frequencies due to earthquakes. Total

frequency of unfiltered releases from the containment due to earthquake is*

1.1 x 10-5 mean per year.

.

(

9
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Figure 6.1

PK-INITIATOR EVENT TREE (SIESMIC) FOR CRBRP

Reactivity Rupture of the Frequency

Insertion Primary Boundary Core Damage Mean Per Year
Due to Fuel Caused by Earth- Caused by Earth. OBE

Movenents Caused quake (Siesmic quake Under SSE

Earthquake by Earthquake Leading) Slesmic Loading Description >$5E

EO RI PS DC
.

EQ*I
No Reactivity Insertion. No 2.8 x 10
Rupture of the Primary Boundary, 1.4 x 10,

and No Core Damage -

EQ Nc Reactivity Insertion. The 2.8 x 10 -

2 Primary Boundary Ruptures, but 6.0 x l'f
No Significant Damage -

-" EQ Reactivity Insertion, the Primary 1.1x10*f3 System Boundary Intact and No 1.3x10[5Significant Core Damage 1.8 x 10 t

|
EQ Reactivity Insertion, the Primary 1.1 x 10-6

-

4 System Boundary Stays Intact, but 5.3 x 10*
Significant Damage to the Core 2.0 x 10'6

IOccurs

EQ Reactivity Insertion, the Primary 1.1 x 10
S Bou-dary Ruptures, but No Signi- 5.3 x 10*6ficant Core Damage Occurs as a 2.0 x 10"

Result of EQ

EQ Reactivity Ir.sertion, the Primary 1.1x10-f6 System Boundary Ruptures and Sig. 1.1 x 10*6nificant Core Damage Occurs as a 1.4 x 10-
Result of the EQ

O

.

e

%
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Table 6.2

. CONDITIONAL FREQUENCIES EVENTS UNDER THREE SIZES OF EARTHQUAKES

Mean Conditional Frequency of Failure Per Demand

Function OBE SSE BFE

10'4 _containment Rupture a e

2 x 10~3 2 x 10'3 2 x 10~3CIS
.

ACS 3 x 10 10-2 10'I

3 x 10'4 10-2 10*I -

VPS

8 x 10-3 10-2 10"I
CUS

10-2 g l

Loss of Offstte Power
10-2 10'I - |

10
Failure of all 3 Olesels

10'0 10-2 10'I
-

Total Loss of AC

3.2 x 10-6 4.0 x 10-5 9.7 x 10
!oPBN

PPS|PB 2.4 x 10'I 1.3 x 10-5 9.7 x 10~4

2.3 x 10~4 2.6 x 10'3 1.7 x 10-2
! OPS
N

SCRNt |PB 3.3 x 10'4 3.3 x 10"3
-

1.9 x 10*I

8.7 x 10'4 7.5 x 10~4 3.2 x 10'4

PT|!oP8
N

4
PB 5.8 x 10 6.5 x 10~4 2.1 x 10

1.2 x 10~3 2.6 x 10-2 4.3 x 10*INo PB
SHR$

IPS 6.0 x 10' 2.8 x 10*I 9.0 x 10*I

Reactivity insertion Caused by CQ 8.0 x 10"I 9.0 x 10*I 1.0

Rupture of the PS Cauted by CQ 1.0 x 10"I 4.0 x 10*I 8.0 x 10*I*

Damage to the Core Caused by CQ 1.0 x 10*I 2.0 x 10*I 4.0 x 10"I

.

.
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Table 6.3

LIST OF DOMINANT CDA SEQUENCES FOR SIESMICALLY INITIATED ACCIDENTS

1

Mean Frequency Percent
Rank Sequence Per Year Contribution

TOP (>SSE)1) 1.2 x 10-5 SP.1

2 TOP (SSE) 3.5 x 10-6 14*

3 LOCA (>SSE) 3.1 x 10-6 12

4 LOCA (SSE) 1.7 x 10-6 7

5 TOP (0BE) 1.3 x 10-6 5 -

6 UTOP & ULOF (SSE) 5.1 x 10-7 2

7 LOHS (SSE) 3.6 x 10-7 1

8 UTOP & ULOF (SSE) 3.5 x 10-7 g

9 LOHS (0BE) 3.1 x 10-7 1

10 UTOP & ULOF (OBE) 2.5 x 10-7 I

l

1) The characters represent the size of earthquake which causes the CDA:

OBE - Operating Basis Earthquake
SSE - Safe Shutdown Earthquake'

>SSE - Greater than Safe Shutdown Earthquake
.

.

t
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Table 6.4

CONTAINMENT RELEASE FREQUENCIES INITIATED BY THREE MAGNITUDES OF EARTHQUAKES
_

Mean Frequency Per Year (Percent of Total Release)l

4

-

- Cont. Res.
Mode Description OBE SSE >SSE All EQ's

1

i

LCV Late Clean Vent (>24h) 1.5 x 10-6 7.8 x 10-6 1.5 x 10-5 2.4 x 10-5
_

ECV Early Clean Vent (<24h) 1.5 x 10-6 7.8 x 10-6 1.5 x 10'9 2.4 x 10-5
f _

LDV Late Dirty Vent 1.2 x 10~9 6.2 x 10-8 1.2 x 10-0 1.3 x 10-6

1.2 x 10-8 6.2 x 10-8 1.2 x 10-6 1.3 x 10-6
! p EDV Early Dirty Vent

| LKG Leakge Across the Shell 2.9 x 10-7 1.5 x 10-6 3.1 x 10-6 4.9 x 10-6
1 w

CI Containment Isolation 6.0 x 10'9 3.2 x 10'O 6.6 x 10-8 1.0 x 10'7

OP Containment OP Failure 1.5 x 10'9 2.3 x 10-7 3.1 x 10-6 3.3.x 10-6
f

E0P Early Cont. OP (Na Fire) 9.6 x 10~II 3.3 x 10-10 3.5 x 10'9 3.9 x 10'9f

MIS Early Cont. Fail (Missile) 4.8 x 10-11 1.7 x 10-10 1.8 x 10-9 2.0 x 10-9

3.0 x 10-0 1.6 x 10-5 3.0 x 10-5 4.9 x 10-5Filtered

3.2 x 10-7 1.9 x 10-6 8.7 x 10-6 1.1 x 10-5Unfiltered
I

.
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6.2 FIRE ACCIDENTS

The evaluation of containment releases due to ' fires is estimated in the
following steps:

e Identification of critical areas where fire can be
initiated leading to simulaneous failure of one or more
safety functions

~

e Estimate of the frequency of such fires and likelihood of
grcwth such that it fails one or more safety functions ,

e Estimate of the frequency of core disruption given fire-

initiated in a critical area

e Estimate of the frequency of containment release given -

fire in a critical are which leads to CDA -

,

Three types of fire may result in damage in CRBRP, cable or oil fire, sodium
fire, or fires (fue to sodium-water interaction.

The cable or oil fires may happen in five critical ares which will affect one
or more safety functions. These areas are:

.|

e Fire in the cable spreading rooms

e Cable or oil fire in the intermediate bay adjacent to
cable spreading room

| e Diesel generator cells

i e AC power seitchgear cells located in the diesel generator
building*

e Fire in the DC switchgear cells
.

%

.
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,

1

Sodium fires can be started in three areas:

e Sodium fire in the head access area
4

e Sodium fire in the primary heat transport cells

e Sodium fire in the intermediate bay .

'' The fire due to sodium-water interaction may take place in the steam generator
cells. Estimates of the frequency of the . fire initiation in these nine areas,

are shown in Table 6.5..

.

The fire in the CSR propagates to the other CSR and fails both cable spreading
.

rooms with probability of 1.5 x 10-4 [Ref. 8]. Failure of both CSR's causes
'

loss of instrumentation and control and all means of decay heat removal except -

"

by natural circulation in the primary and intermediate loops and forced

circulation in the steam / water loop with turbine driven auxiliary, feedwater

,

pump. The mean frequency of turbine driven AFW pump is estimated to be 5 x

) 10-2 per demand. Therefore the frequency of total loss of shutdown heat

removal system and therefore a LOHS core disruptive accident due to fire in
CSR will be 3 x 10-8 Given such a CDA it is conservatively assumed that.

since the instrumentation and control is lost and all the containment systems
,

'

(except for containment isolation) rely on operation intervention therefore
the containment will fail due to overpressure under this scenario.

Fire in the intermediate bay adjacent to cable spreading room will have

similiar frequency and consequences as a fire in the one of the cable

spreading rooms.
.

A fire in one of the diesel generator cells has to propagate to other two

cells to fail all three emergency diesel generators. It can be shown that'
>

failure of all three diesel generators in such a mode is negligible to the'

'

other modes of failure of three diesels already considered in Sect' ion 6.0.
.

m

s

4
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A fire in one of the AC switchgear cells needs to propagate to the other two
switchgear ceels to cause significant consequences. This will happen with the
frequency of 5 x 10-6 [Ref. 8]. This causes total loss of AC and if the

rcequency of turbine driven AFW pump is assumed to be 5 x 10-2 then the
frequency of failure of SHRS and therefore LOHS core disruptive accident wil.1
be 10'9 per year. Due to loss of AC the containment will fail due to

overpressure. .

.

%

e

e

9

m

-
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Table 6.5

FREQUENCY ESTIMATE OF FIRE INITIATION IN CRITICAL AREAS OF CRBRP

..

Fire Location Mean Frequency
Per Year -

4

Fire in Cable Spreading Room 4 x 10~3

Fire in Intermediate Bay Adjacent 4 x 10~3-

to Cable Spreading Room

Fire in Diesel Generator Cell 7 x 10~3'

_

;.

Fire in AC Switchgear Cell 4 x 10-3

Fire in DC Switchgear Cell 4 x 10~3

Sodium Fire in the Head Access Area 10~4

Sodium Fire in the PHTS 10-5

Sodium Fire in the IMB 10~7

Large Na-Water Reaction in the 8 x 10-7
Steam Generator Cell

,

.

.

.

*
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Loss of all DC requires initiation of the fire in one DC switchgear cell and
propagation to the other two cells. It is estimated that this will occur with
frequency of 5 x 10-D [Ref. 8] per deand. Once all DC is lost then turbine
driven AFW pump will be the only mean of decay heat removal. Therefore the
estimated mean frequency of CDA for this scenario is estimated to be 10-9 per
year. it is assumed at this point that loss of DC disables the control and

instrumentation and therefore activation of containment systems is not

possible and therefore the containment fails due to overpressure.
,

Sodium fire may be initiated in one primary heat transport cell and propagated
~

'

into other two cells. This event which incapacitates the PHTS totally happens
with the mean conditional frequency of 10-4 [Ref. 8]. This scenario will fail

.

_ the flow of natural circulation and DHRS because of failure of all ponys.

Therefore a LOHS will occur with frequency of 10-9 per year.

This scenario will affect the containment performance due to generation of a
great deal of sodium aerosols which increases the common mode failure of the
containment systems. Considering this common mode failure the containment

_ ill fail with mean frequency of 5 x 10-2_ .per demand or 5 x 10 11 per year.w

A sodium fire in an IMB cell requires rupture of a intermediate sodium pipe
and propagation of the fire to the upper levels of the IMB which may cause
loss of all safety related control and power cable resulting in the ability to
remove decay heat. This scenario occurrs with a mean frequency of 1010 per

year causing a LOHS accident. For the same reason as previous scenario the
containment will fail with condition frequency of 5 x 10-2/d or absolute mean-

frequencyof 5 x 10-12 per year due to overpressure failure.
.

A sodium fire in tha Head Access Area (HAA) may spread into the CDM area and
result in a common cause failure of all CDM's which precludes control rod

insertion before operators action can be taken to scram the reactor. The

conditional frequency of such scenario is estimated to be 10-3 per demand and

therefore a fir in the HAA can result in a ULOF accident with the mean

*

.
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frequency of 10-7 per year. Considering the common cause due to higher

concentration of aerosols the containment will fail with a mean frequency of

5 x 10-8 per year.
.

There are two dominant initiators for a large sodium-water reaction. Fi rst
failure of the steam generator water header. The frequency of such initiator
is similar to that of a pressure vessel and is therefore estimated to be 10-7

,
per year. This initiator even though may cause severe consequences, however,
because of very low likelihood of initiation does not contribute to the

frequency of release. The second initiator is a failure of steam generator
.

,

tubes (beyond design basis accident of 7 tubes). Failure of the Sodium Water
Reactor Pressure Relief System (SWRPRS), with conditional frequency of
8 x 10-6 per demand [Ref. 8] and common cause failure of all three HTS loop
(5 x 10-1 per demand) and failure of DHRS due to contamination of air blast
heat exchangers will result in a LOHS accident with mean frequency of 4 x 10-7

per year. Similar to other sodium fire accidents the containment failure will
occur with conditional frequency of 5 x 10-2/d or absolute mean frequency of

2 x 10-8 per year.

This concludes that the most dominant fire related scenario in terms of core
disruption is a sodium water reaction due to steam generator tube rupture
(4 x 10-7 per year). but the most dominant fire related sequence to cause

unfiltered release is the fire in the CSR or in the IMB adjacent to CSR

failing instrumentation and control for all the vital safety systems

(6.0 x 10-8 per year). Nevertheless, no fire related accident is identified
which significantly affects the frequency of CDA's or unfiltered release from*

the containment as shown in Table 6.6.
,

i .

.
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Table 6.6

FREQUENCIES OF CDA AND CONTAINMENT UNFILTERED RELEASE FOR INTERNALLY AND EXTERNALLY INITIATED ACCIDENT
e

Mean Conditional Frequency Mean Freq. of
Mean Freq. Unfiltered Mean Freq. Unfiltered

Accident of Initiator Unfiltered Release of CDA Release Per
Initiator Per Year CDA Given I Release Given Per Year Year

(I) (I) (CDA/I) Given CDA Initiator (I.CDA) (I.CDA.UFR)

.

Random
Initiators 23.1 8.7 x 10-6 1.2 x 10 1.1 x 10 2.0 x 10-4 2.5 x 10-6-2 -7

(89%)
i

Siesmic,
-3 -6Operating 1.4 x 10-3 1.4 x 10 1.6 x 10-1 2.3 x 10-4 2.0 x 10 3.2 x 10-7"

i' Basis ( 1%),

3: Earthquake

Siesmic,
! Safe Shutdown 1.5 x 10-4 4.0 x 10 3.2 x 10-1 1.3 x 10 6.0 x 10-6 1.9 x 10-6-2 -2

Earthquake ( 1%)

Siesmic,
-I -1 -1 -5 -0Greater than 3.4 x 10-5 5.0 x 10 5.1 x 10 2.6 x 10 1.7 x 10 8.7 x 10 !

SSE
i

I-

b Fire Initi,ators 2.2 x 10 2.6 x 10-5 1.6 x 10-1 4.0 x 10 5.6 x 10 8.7 x 10-8-2 -6 -7

l'
t-

; Sum 23.1 1.0 x 10-5 6.1 x 10-2 6.1 x 10-7 2.3 x 10-4 1.4 x 10-5

!
1

| t

i

*
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6.3 OTHER EXTERNAL INITIATORS

A discussion of the several other external events is presented in this section.

e Floods (internal or external) .

The siesmic Category 1 systems and equipment which are located in the

intermediate bay of the steam generator building, reactor service building,
.

diesel generator building and control building require flood protection.

These systems and components provide most the unfractions necessary for the ~

~

prevention of core damage.

~

The PSAR examines the probable maximum external flood potential from an
Operating basis Earthquake (0BE) causing postulated failure of Norris Dam.
This condition will produce the maximum plant flood level as stipulated by the
regulatory guide 1.59. It was calculated that maximum wave forces exerted on
the plant structures are relatively insignificant and will not cause damage to
the plant structures.

In order for internal floods to fail one or several safety functions they

i dould have to be caused by rupture of a large tank or a large pipe. The mean

frequency of a massive rupture of a large tank or large pipe is about 10-7 p,7

year. If the probability of failure of one or more safety functions given the
flood and the probability of CDA given failure of those functions are

combined then the frequency of these scenarios will be insignificant to the
'

sequences considered.-

.

i

!

!

1
*
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e Tornados

-

Several studies were performed in recent years which estimate the frequencyof
such events. Reference 9 estimated that the annual mean probability of a

10-5 If thi,stornado with velocity of 360 mph or greater to be 2.8 x .

frequency is combined by failure of the structure and damage to the safety
related equipment and C]A given that failures, the frequency of CDA's caused
by this initiators will become less significant than the sequences already

-

considered.

Reference 10 estimater, that the annual probability that any tornado generated'

missile events hits a safety related structure at NEC region 1 is 7 x 10-5 ,

the probability that there is a hit sufficient to cause backface scabbing if
'

all safety related stuructres has 6 inch walls is 3 x 10-5 and if they have 18
inch walls is 2 x 10-6 Even though the results are for a particular sample.

plant configuration, however, these estimates show a tornado missile to fail a
safety structure with a frequency of 2 x 10~9 per year or less. This scenario
therefore will not significantly impact the frequency of CDA or containment

'

release.

6.4 CONCLUSION

The analysis of the external events show that siesmic events are the major
contributor to the frequency of containment release. The fires contribute
less than 1% to the frequency of containment failure and other external events
have no signifiant impact of the frequency of core disruptive accidents or.

containment release, as shown in Table 7-6.

- .
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Section 7
,

RESULTS AND CONCLUSIONS

\
\

This section presents the results of this study and discusses these findings.
The results of this analysis are being presented in the following ways:

_

e Dominant Core Disruptive Accident Sequences

e Frequency of Different Core Disruptive Accidents .

Dominant Containment Accident Sequences for each Release'

e

Mode

The first results of the study on the dominant CDA sequences is shown in Table
-

7.1. The expression in the parenthesis represents the initiating accident of
each particular CDA.

Eighteen dominant CDA sequences with frequencies hisher than 10-6 per year are
identified. The most dominar.t sequences is a Loss of Heat Sink (LOHS)
accident caused by common cause failure of all three rupture disks in the
intennediate loops and ' dumping of the intermediate sodium. This will leave

the DHRS as the only niean of decay heat removal and a LOHS occurs upon failure
of DHRS or primary ponys. This sequence constitutes 52% of the frequency of
core disruptive accidents. The second most dominant sequence is an

Unprotected Loss of Flow (ULOF) accident caused by a spurious Plant Protection
.

Signal (PPS). A spurious PPS signal is generated (with a mean frequencyof 8.8
per year), the primary sodium pumps trip to ponys but both primary and-

secondary shutdown systems fail to stop the reaction. This sequence is 16% of

| frequency of all CDA's. A Transient Overpower (TOP) core disruptive accident
.

caused by an earthquake greater than Safe Shutdown Earthquake (>SSE) is th'e

third most dominant sequence. This sequence is 6% of the frequency of all
CDA's. -

.

'
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Table 7.1

LIST OF DOMINANT CDA SEQUENCES
. - -

Mean Frequency of
Rank CDA Sequence CDA Per Year Percent

1 LOHS (RD)1) 1.2 x 10-4 52%

2 ULOF (PPS) 3.6 x 10-5 16%
,

3 TOP (>SSE) 1.3 x 10-5 6%
,

- 4 ULOF (FW) 7.7 x 10-6 3%

5 ULOF (1-HTS) 7.2 x 10-6 3%

6 ULOHS (FW) ',.7 x 10-6 2%

7 LOHS (FW) 4.6 x 10-6 2% g.

8 ULOHS (1-HTS) 4.3 x 10-6 2%

9 TOP (SSE) 3.5 x 10-6 2%

10 LOCA (>SSE) 3.1 x 10-6 1%

'.8 x 10-6 1%| 11 ULOF (T/G) 2

| 12 ULOHS (T/G) 1.7 x 10-6 (1%

/ 13 LOCA (SSE) 1.7 x 10-6 <1%

14 LOHS (LOSP) 1.3 x 10-6 gig

15 LOHS (3_ HTS) 1.3 x 10-6 <1%

16 TOP (0BE) 1.3 x 10-6 <tg

17 LOHS (NSO/DHRS) 1.1 x 10-6 <1%
, .

18 LOCA (RPB) 1.0 x 10-6 <1%

1) Refer to Tables 5.3 and 6.3

.
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The frequencies of different types of core disruptive accidents are shown in
Table 7.2. For comparison the results of three other previous studies are
included. Even though a great deal of differences exists between the

assumptions, limitations and objectives of each or.e of these studies,
nevertheless the CDA frequencies seem to be compatible within the

uncertainties of each study. However, if the frequency of containment failure
is compared (except for Sandia Study which does nore acover the analysis of
the containment) the result varies within one order of magnitude from CRBRP-1

.

study which estimates 2.6 x 10-6 mean frequency per year to the GE study
'

estimate of 2.6 x 10-5 mean frequency per year.
,

Table 7.3 shows the dominant containment release sequence for the nine release

modes defined in Section 4.3.6. The release modes decline in thei r
radiological consequences from left to right with R1 (missile failure) or R2
(early overpressure failure due to sodium spray fire) being the highest
consequence release modes and two filtered release modes R8 (early filtered
release before 24 hours) and R9 (late filtered release after 24 hours) being
the least, especially benign release mode of R9.

Each containment sequence in Table 7.3 shows the type of core disruptive
accident and the mode of containment response.

>

a

e

o
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Table 7.2

COMPARIS0N OE ACCIDENT CATEGORY FREQUENCY ESTIMATES FROM
FOUR DIFFERENT ACCIDENT ANALYSIS STUDIES FOR CRBRP

*

Estimated CDA Recurrents frecuenev Per Year **
GEFA CRBRP sandla SAI'

Accident Category [Ref.5) [Ref.2] [Ref.4) [This Study)
(Mean) (Mean) (Mean) (Mean)

K0F 1.2 x 10*0 3.7 x 10-5 4.3 x 10*0 5.5 x 10-5.

UTOP 1.9 x 10 5 8.6 x 10-0 3.3 x 10-6 2.1 x 10*0
,

,
10F & UTOP 6.0 x 10*0 1.4 x 10~0 6.3 x 10~0 3.3 x 10 6

ULOH5 2.5 x 10-5 1.1 x 10-5 7.4 x 10*I 1.1 x 10-5

Total Unprotected 5.1 x 10-5 4.9 x 10 5 1.5 x 10-5 7.1 x 10-5

LOH5 9.2 x 10 5* 2.1 x 10~4* 1.3 x 10'4...

LOCA 6.9 x 10"I 2.3 x 10-5 5.9 x 10'0---

TOP 1.8 x 10-5--. --- ---

Total Protected 5.1 x 10 6 9.3 x 10-5 2.5 x 10-0 1.6 a 10'4

TOTAL 5.6 x 10*5t 1.4 x 10^' 2.7 x 10*" 2.3 x 10'"
.

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

'

* This also includes TOP Frequency

t The main difference of GEFR Study is due to lower SHRS Failure*

probability used in GEFT Study

- ** The initiators used in these studies resulted in the following
. number .of transients per year: GEFR = 16 mean frequency per
year, Sandia = 17 mean frequency per year, CRBRP = 22 mean
frequency per year, and SAI = 23 mean frequency per year

!

|

.

|

.
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Table 7.3

-

DOMINANT ACCIDENT SEQUENCES FOR EACH RELEASE MODE
'

al a2 R3 s4 a5 e6 a7 as a0

(MIS ([0P) (Cl) (COV) (0P) (LOV) (LIG) (CCV) (LCV)

.

LOH5-MIS LOH5-t0P LOH5 Cl TOP-EDV 10P-0P 70P-t0V TOP-L E Lets-tCV LOMS-LCV -

7.3 a If'' l.5 a 10*' 3.1 a 10*I 9.4 x 10*I 2.5 a 10 6 9.4 s 10*I 3.0 a 10*' 6.4 10 5 6.4 a 10 5
.

EOF-MIS EOF.EOP EOF-Cl LOCA-[OV LOH5-OP LOCA-LOV LOCA-LEG EOF-ECV - ECT-LCV

2.9 a 10*' 5.9 a 10*' l.2 s 10*I 2.4 10*I 8.4 a 10*I 2.4 a 10*I 9.1 a 10*I 2.7 a 10-5 2.7 a 10 5
.

TOP.All TOP-EOP TOP-CI LOH 5-t0V LOCA-0P L985-LOV LOH5-L uG

l.5 a 10*' 2.9 10*' 7.7 a 10*' l.1 a 10*I 6.5 10*I 1.1 10*I 2.1 a 10*I

E945-10P EOF-0P

1.3 a 10*' 3.0 a 10*I

1.4 a 10** 2.8 s 10** 6.1 a 10*# 1.5 a 10** 4.6 a 10** 5.2 a 10** 5.2 x 10** 1.2 a 10** 1.2 a 10**

.

. . * * =

!
l

.

w

!

!
I

i

-

.

.
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Section 8 |

SENSITIVITY ANALYSIS AND LNCERTAINTY

This section discusses the sensitivity analysis made and assesses th'e
uncertainty of the results due to uncertainty in the variable of the

sensitivity analysis cases. However, this section will not attempt to address
- all the sensitivities which may impact the frequency of the core disruption

and containment release and it is believed that more cases should be
investigated.-

.

This study . investigates the sensitivity of the results to three parameters or -

* assumptions in the study.
'

.

Case 1: Sensitivity of the CDA and Release Mode Frequencies to Frequency of
Failure of SCRAM System.

,

The sensitivity of the results to the frequency of SCRAM failure was assessed
by reducing its failure probability from 2.6 x 10-6 mean per demand to 10-7
mean per demand, this is the failure frequency used for SNR-300, LMFBR plant
in West Germany [Refs.10,12] which has relatively similar design [Ref.1].

.

The result in Table 8.1 shows that the frequency of unprotected CDA's is
reduced by more than a factor of 2 and the total frequency of core disruption
is reduced by less than 20%. The reduction in frequency of unfiltered

releases is about 7%. The reason for small sensitivity of the containment
,

release frequencies to the SCRAM system failure probability is that they are
dominated by siesmic accidents which is insensitive to this kind of variations

~

in SCRAM system failure probability. Table 8.2 shows the sensitivity of the

CDA's and release frequencies caused only by internal events to the SCRAM .

failure probability.

.

Another observation is that by reducing the SCRAM failure probability most of
the reduction will be in the high consequence release modes R1 and R2 with

.

each reduced by a factor of 2. Release modes R3 and R5 are reduced by 16% and
,

15% respectively.
8-1
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Case 2: Sensitivity of the CDA and Release Mode Frequencies to the Frequency4

Failure of DHRS

In this case the sensitivity of the results is investigated with respect to a

more redundant DHRS. It was assumed that the DHRS achieves redundancy wit,h
existing configuration, i.e., no equipment is added and the configuration is
retained but the capacity of the components are increased as necessary to
improve the redundancy.

.

The results in Table 8.1 show that the frequency of protected CDA's are
,

- reduced by about a factor of 2. The total frequency of core disruption is

| reduced by 35% by improving the DHRS redundancy. The frequency of unfiltered
release from' the containment is reduced by 10%. The containment release modes

'

wbjch are affected the most are release modes R3 and R5 which are reduced 30%.
,

-and'17% respectively. -

Case 3: Sensitivity of the CDA and Release Mode Frequencies to CDA-Initial-

Core Damage Matrix

This case investigates that how much the results are sensitive to the CDA-ICD
matrix. This matrix defines the likelihood that each core disruptive accident
results in a certain initial energetics. To obtain the sensitivity of the

results to this matrix a new matrix was defined which shifts the core

disruptive accident towards higher energetics. For example, if the case case
a'ssumes that the likelihood of a very large energy core disruption (which may
cause generation of a missile or sodium spray fire early in the accident)

~

given a ULOF accident is about 1% and 99% of the ene.gy is either benign or
,

moderate. The new matrix was defined with great conservatism to provide an

upper bound for the frequency of CDA and containment release.
.
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The results in Table 8.1 show that the frequency of unfiltered release from

-the containment increases by 12%. However, the largest increase is in high

consequence modes R1 and R2 which increase by a factor of 2. Release mode R5

is also increased by close to 25%. It should be recognized that even through
the frequency of containment failare is not significantly affected, the ris'k
may be affected since the frequency increase mostly happens in high

consequence modes.

.

At the end it is possible to conclude that the results of this analysis as

. shown here are witi.in a factor of 2 or less sensitive to the uncertainties in
failure probability of the SCRAM or DHRS systems and the uncertainty in the
CDA-ICD matrix.
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! Table 8.1

RESULTS OF SENSITIVITY ANALYSIS OF THE CDA AND CONTAINMENT RELEASE FREQUENCIES

| -

Containment Release, Mean Frequency Per harCDA Mean Frequency Per Year
Ibf11tered

-i Release

'4 Case Pro- Unpro- R1 R2 R3 R4 R5 R6 R7 R8 R9 Mean Freq.
.

Study tected tected Total (MIS) (E_0P) (C1) (EDV) (DP) (LDV) (LEG) (ECV) (LCV) Per har
i

Baseline 1.6x10-4 7.1x10-5 2.3x10'' 1.4x10-8 2.8x10-8 6.1x10'I 1.5x10-6 4.6x10-6 1.5x10-6 5.2x10-6 1.2x10~4 1.2x10~4 1.3x10-5
.

1.6x10** 3.1x10 5 1.9x10~4 6.5x10'' 1.3x10*8 5.1x10'I 1.4x10-6 3.9x10 6 1.4x10-6 5.0x10'4 1.1x10'' 1.1x10'4 1.2x10-5
.! Sensitivity case 1
;| (SCRAM)

Sensitivity Case 11 8.3x10-5 7.1x10-5 1.5x10'' 1.4x10'8 2.7x10~8 4.3x10*I 1.4x10-6 3.8x10'0 1.4x10~0 5.0x10'' 8.8x10-5 8.8x10-5 1.2x10-5

(DHRS)

1 Sensitivity Case 111 1.6x10'' 7.1x10-5 2.3x10'' 2.8 10~8 5.6x10-8 6.1x10"I 1.6x10-6 5.7x10-6 1.6x10-6 5.5x10-6 1.2x10'4 1.2x10'4 1.5x10-5co

(CDA_CD Matrix)
,
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| Table 8.2

RESULTS OF SENSITIVITY ANALYSIS OF THE CDA AND CONTAINMENT RELEASE FREQUENCIES FOR INTERNALLY INITIATED ACCIDENTS

| :DA Mean Frequency Per Year Containment Release. Mean Frequency Per Year

! thfiltered
' Release
*

Case Pro- thpro- R1 R2 R3 R4 R5 R6 R7 R8 R9 Mean Freq.
Study tected tected Total (MIS) (E_0P) (Cl) (EDV) (0P) (LOV) (LKG) ' (ECV ) (LCV) Per Year

:i Baseline 1.3x10~4 7.0x10-5 2.0x10'4 1.2x10-8 2.4x10-8 5.1x10*I 1.7x10*I 1.2x10 6 1.7x10'I 3.4x10'I 1.0x10'4 1.0x10~4 2.5x10-6

- Sensitivity Case I 1.3x10' 3.0x10-5 1.6x10'4 4.5x10*8 9.0x10~8 4.1x10'I 7.4x10-8 5.2x10*I 7.4x10*8 1,4x10*I 8.1x10-5 8.1x10-5 1.2x10-6
(SCRAM)

| Sensittvity Case 11 $.3x10'I 7.0x10-5 1.5x10~4 1.2x10-8 2.3x10-8 3.3x10'I 5.5x10-8 3.9x10'I 5.5x10"8 1.1x10'I 6.4x10-5 6.4x10-5 9.7x10'I
(OHRS)

oo Sensitivity Case III 1.3x10'4 7.0x10-5 2.0x10'4 2.6x10-8 5.2x10 8 5.1x10'I 3.2x10'I 3.2x10'I 3.2x10'I 6.3x10'I 9.9x10-5 9.9x10-5 4.2x10-5
g (CDA_CD Matrix) ,

|
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Appendix A

LISTING 0F THE SAFETY LOGIC MODEL

.

A listing of the plant Safety logic model is presented in. this Appendix. The

listing follows the format of the WAM_ Series fault tree codes [Ref.13] which'

were used to quuantify the model.i
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47 U73 AND 4 4 -n CF7 ' MCI AC ' ~ WVP1 08 MnP/7.4C.C
48 U29 ANO 4 0 -4 CF2 NCf 4C VD9 * - *

49 U30 AuD- 5 6 -n CF7 4Cf AC VP9 490/77ACTV * *;
' *

50 U)$ AND d I -O CF1 44C WP9 Cl 4 DP/CF7.CI ,

SI U12 443 5 6 -n CF1 N4C WD4 'mp/CFF.Cf Cit .e..w
;
' 52 U33 AND 4 1 -n CF7 N4C VPS CI9 OD/7|CI|VP *

53 U34 AND 5 0 -O CF7 44C VP1 MP90.CI .V Cl4
54 U15 AND 3 1 -n CF2 AC C1% nP 4 7CI!4C*

55 U36 AND 4 n -n CF2 AC Nnp/2.Cl A C1%
;

54 U19 AMD 7 I -p CF3 wCI MAC WP1 400 W49/VFJ WomWF4 ne/CF1

57 U40 AND 8 n -0 CF1 NCI 44C NVDS 4CII wwS/VFA wnPn/VFA wnp/CF)

58 U41 AND 7 3 -n CF1 WC) N40 WVD% Of WW VVEd Wn#6/VF4 ne/CF1704
59 U42 AND 8 A -0 CF3 NCI NAC IN PS CU NWS/VF4 MnDn/VR4 gne/CF1]r$1,

60 U43 AND 6 1 -0 CF1 NCI MAC VPS - 449/VF4 40Pn/VF4 nP/CF3.VPS -
61 U 44 AND 7 o -o CF) NCI NAC YPS MuS/VF4 gnDn/VFA . UnD/r*F1;VE

d2 U45 A4D 7 | -n 63 NCI IN PS NCU AC W4VVF4 Nnon/VF4 ne/CF37AC .
43 Ud6 AND R n -4 CF3 4Cl NVPS 4CU - aC . wu VvF4 Wnp6/VFA unp/6 1.aC .

64 U41 AND 7 I -6 CF1 WCI MVDS AC CU , MVS/VFa unPnWFA OP/37aCICU !*, .

65 U48 AND 8 0 -4 CF1 4Cf WPS AC til , wu VvFA NADn/VFd . 4nD/j74C7C t^
44 U4P AND 4 1 -O CF3 NCI 4C VP9 N45WF4 NnDn/VF4 - OD/3.4C.V# ' - +

67 U50 AND 7 0 -O CF3 NCI 4C VPS W49/VF4 NnDn/VFA Wnp/1|8C;V

A8 U51 AND ,4 1 -o CF1 44C WP5 Mus/VF4 MnPn/VF4 CIM DP/CF1.CI
69 U52 AND 7 n -0 CF) N4C WVDS wu VVFA MnOn/VF4 NAD/CF17C) ** 1 S .

' 70 U53 AND 6 I -0 63 44C VP9 98 VVF4 unDn/VF4 CIS nD/3.Ct.VP .

71 U54 AND 7 4 -O CF1 W4C VP1 44VVF4 4006/VF4 40D/3.CI.V CIS
72 USS AND *5 5 -n CF1 AC Mut/VF4 unD6/VF4 CIS OD/17CT!4C - . s.

a

73 U56 AND 4 0 -0 CF1 AC NuS/VF4 unD6/VF4 woe /37CI74 CIS
f 74 U57 A2 7 8 -n CF4 NCI NAC N"P% NCU WUS/VF4 unDn/VF4 ##/cca

w 75 USS AND 85 o -n CF4 NCI 4AC MV PS 4CU . Mus/VF4 Noon /V F4 Nop/CF4 ...

76 U59 AND 7 I -4 CF4 NCI NAC NVDS DI W4S/VF4 NnPO/VF4 op/CFA!Cil.

77 USS ANO 8 O -0 CF4 NCI N4C WVDS CU NMS/VF4 unPn/VFA wop /CFa!CU
VPS . NuS/VF4 . NOPn/VF4.. nD/CEd7VPS.78 U61 AND 6 .1 -O CF4 NCI N4C

. VPS 44S/VF4 40PnWF4 40P/cce.VP79 U42 AND 7 0 -O CF4 NCI MAC '.

8D U43 AND 7 8 -O CF4 4CI WPS AC 4CU - N4S/VF4 NnPnWF4 CD/CFA.4C.

81 U64 AND 8 0 -O CF4 NCI NVPS . . NCU . . - . AC - 1. - WMS/VFA .. NOPn/VFA.. UnP/CFATAC .. . .

82 U65 AND 7 I -O CF4 NCI NVP1 AC CU 44S/VF4 .i NnDnWF4 nD/J. 4C7t*n
83 066 A2 8 0 -O CF4 NCI NVPS AC ' Of . NUS/VF4 , 40PnWFd - gop/ATAC;C.

84 U67- AND 6 8 -O CF4 NCI . .- AC . . VPS . . . .. Nus/VF4 HnPn/VF4 , op/d!4C;VP to.

85 U68 AND 7 0 -0 CF4 NCI AC VPS MuSWF4 40Pn/VF4 wop /J.ac.V. .

86 U49 AND 6 8 -0 CF4 N4C WPS Nu vvFA MnPn/VFa CIS nP/CF4.CI
87 U70 AND 7 'n -n CF4 44C WVD1 44 VVFA - . wnDo/VF4 - Nnp/CF47CI P TS

88 U71 AND 6 I -O CF4 NAC VPS NM VVF4 NnOn/VF4 CIS nD/dCf7VP
89 U 72 AND 7 o -n CF4 N4C VPS Mu VvF4 40PnW F4 40P/4.CI .V CIS
90 U73 AND 5 l -O CR4 4C NMS/VF4 MnD9/VF4 CIS nD/4:C174C

I: 91 U74 AND 6 n -O CF4 AC NMS/VF4 NnPn/VF4 NnD/d!Cl|4 CIS
l. 92 CIS OR 0 2 -0 CISS CISS

93 NCI NM I n =0 CIS . $

*

94 N AC MnT I n -0 AC
95 NVPS NOT I n -O VPS

' 96 NCU .NOT 4 0 -O OJ .

t 97 N45/VF4 NM O I -O MS/VF4
98 NnPn/VF4 NOT 4 3 -n nPn/VF4

! 99 MnP/CF3 NE. O I -O OP/CFI . .. di

inD NnP/CFl.CU Nni 4 I -O OP/CFl.CU
! 101 40P/CFl.VP NM O I -O nP/CFI'.VP ,

! In2 MnP/CFl.AC NOT O I -0 nP/CFI.AC _

103 NnP/1. AC.C Nui O I -O nP/3|4C.CU .

In4 NnP/1.4C.V MnT n 1 -n nP/l . 4C.VP .
I

105 MnP/CFl.CI NM n 3 -O nP/CFl.Cl -y . -.. ... * I

ID6 NOP/1.CI'.V NOT 0 1 -O nP/I .CI .VP , .

I
e

,# 9

%
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101 NOP/1.CI . A NOT o 1 -O OP/1.CI . A C
i* 108 m>P/CF2 N(VT O 1 -O OP/CF2 .4

i In9 IfnP/CF2.CU Nnl O I -n nP/CF2.CII
j llo pop /CF2.WP NnT n. I -n OD/CF2.VPS ' MIll NoP/CF2.AC NOT n 1 -n UP/CF).AC*

il2 NuP/2.4C.C NOT 0 1 -o OP/2.4C.Ct! , ' ''i'
'

ll)* NOP/2.4C.V NnT n 1 -n np/2.4C.vP t
* * * - -

j 114 NOP/CF 2.CI NOT o 3 -n nP/CF2.CI
|15 NOP/2 CI.V Not n I -o op/2.cf.VP .

a

I '

4 llo NOP/2.CI.A NOT O I -O DP/2.Cl . 4 C .

j 197 NOP/CF3 ' NOT 4 1 -G CD/6 1 - -- -

|18 MOP /CF1.CU NOT n 5 -n nP/CF3.CU '|,

a $19 NOP/CF3.VP NOT ' O I -0 nP/CF3.VPS '
.

3 120 NOP/CF 3. AC NOT q l -4 OP/CF1.AC
121 NOP/3.AC.C NOT n I ' -O OP/3.4C.CU<

122 NOP/3.4C.V NnT o I -0 nP/3. 4C.Vp
* *J - '- - --- ,* '' *

123 NOP/CF3.CI NOT n' I -o OP/G 1.CI -

* -

824 NOP/3.CI.V NOT o I -O OP/3.Ct.VP
125 NOP/3.C].A NnT n I -o OP/3.'CI.4C '

'

126 NOP/CF4 NOT .g 1 -o OP/G4 J.f i p ,- -,, ,. 9. .
,

128 NOP/CF4.VP NOT O I -O DP/CF4.VP r ~' - ,_: , -| f, * * ,.hfdf 127 NOP/CF4.CU NUT 4 1 -O OP/CF4.CU f 8* ;i ''* ** "T * '*
,

f t.)

129 *lP/CF4.AC NOT o 3 -n nP/CF4.4C * 4 -- - - - --

130 NOP/4. A C.C NOT n 1 -o nP/4.4C.CU
B31 NOP/4.4C.V NOT 0 1 -O OP/4.4C.V P
132 NOP/CF4.CI NOT n 1 -O OP/CF4.CI ...

*

133 NOP/4.CI.V NOT Q l -o nP/4.C t.V P
f $34 NOP/4.C3.A NOT Q l -O OP/4.C f .4C

' * .
' 135 CFl AND 2 n -n NCO23 VF2+vF3 - --

136 CF2 AND I i -o VF2+VF3 (D/VF23 -'

f 137 CF3 AND 2 0 -O NC94 VF4 *'

*

A $38 CF4 AND I I -o VF4 Cn/VF4 - ..'
''

; l39 VF2+VF3 oR 2 0 -o VF2 VF3 .
.

' ' ' ' '
i 140 NCD23 NOT n 1 -O C'VVF21 J

! -- 8' --

"I--
*

l 148 NCD4 MnT 0 8 -o CD/VF4 -

* '" ''
142 Cf*TAINIVJ OR 4 0 -O VI V5 ' V9 ' VI I -

i 143 VF2 , ' , ' OR 8 0 -O V2 V6' V10 VI4 VI5 V24 Y21 VI* .-[

l 1 44 VF3- - - OR S' O -0 V3 V7 ' VII -- V16 - VI9 -I - V22. - - V76 CfWTINUF4 --
' ' Y'

,

V27 CowTI4UF7 g ,j 14 5 CONTINUED OR 3 0 -0 V29 V32 V34
146 VF4 OR 8 0 -0 V4 V8 V12 Vl?, V70' V21. ,. ,1 , . .i V17 Vin - - Vio147 CONTINUE 7 OR- 7 0 -0 V3G V 31 V35 V.19 - -' --"

148 VI AND I 4 -n C4 ER/C4 FCI/C48 VHRil VMRI
149 V2 AND 2 3 -0 C4* MVPRI FR/CE FCI/Cui VHRif

,
'

I 15 0 V3 AND i 3 -n C4 VHR12 ER/C4 FC1/ Cut - '

- -

15l V4 AND I 3 -O C4 'ER/C4 FCf/Oli YHRI3
152 V5 AND 2 1 -0 C4 NFCI/C48 ER/CE YHR?! VnR2
153 V6, AND 3 2 -n C4 NFCI/Cui MV8tP7 EP/C4 VMetl ,
154 V7 AND 2 2 -O CN NFCI/C41 V5m?? ER/C4. %

155 V8 4ND 2 2 -O C4 NFCI/C48 FR/C4 v4R23
356 V9 ANO 2 3 -n CW 4FD/CM FC1/CW2 VHR11 VMR)
157 VIO AND 3 2 -O C4 NFRIC4 NVAR3 R* f /CM2 V9R13
158 VII AND 2 2 -O CN NER/C4 V5tRi? FCI/Cu2

*
I 459 V12 AND 2 2 -n CM NER/CW FC1/Cu2 VH011

~

'

160 Vl3 AND 3 1 -0 C4 NER/DI 4FCI/C42 V844
lot Vid AND 4 0 -O CM NED/C4 NFCI/CW2. MV404
162 V15 AND I 3 -n DCI ER/nCI FCI/DCll VHR4.1 .

163 Vlo AND 8 3 ' -n nCl VHR42 ER/DCI FCI/DCll
164 Vl? 44D 1 1 -4 DCI ER/nct FCI/nCil VH041
165 V18 AND -2 2 --O DCl- NFCI/DCII. FR/DCI - VHD50 #~..~ ~

* r - - - - -

166 Vl9 AND 2 2 -n DCI N.FC1/DCll
VH052 ER/DCl *

. ....-
r- <

4 . . _- .

t

e



_ - - ._

e e e .
, ,

*
, A.

5s, , * 2 - ;.5'. j r 7,* : pgny- 'ggi ' *.- - ' *
,

.,

., _ , , ,.
, ,

f
' ..

lA7 V2n AND 2 2 -O DCI MFCI/ncil CD/9CI VHoS1 i

149 V21 AND 2 2 -o ly:t NFR/DCI FCl/DCl2 Vwont |- -

869 V22 AND 2 2 -0 DCl WFD/DCI VM#43 FCl/DCl2 -

8

170 V23 AND 2 2 -6 DCI NF3/DCl FCl/ Del 2 VH441 {
' ' J ';178 V24 AND 3 0 -a DCI NFR/DCI 4FC1/DCl2 .

a

172 V24 AND 1 1 -o DC2 V5fR72 C'R/DC) FCl/nC28 ,

171 V27 ANO I 1 -n fW'2 F#/nf*2 CCl/nC28 VH 87.1
*

574 V29 AND 2 2 -4 DC2 NFel/DC21 VHp42 ER /nC2 -
'

; 875 V30 AND 2 2 -n DC2 NFCI/DC21 rR/DC2 VH R93
'

*

: 876 V12 AND 2 -4 TY'2 NF0/nC2 VHR97 Ff f/fW'22*
i

I T7 V.13 AND 2 2 -4 DC2 NFR/DC2 FCl/nC22 VH991.,
878 V34 AND 3 0 -4 DC2 NER/DC2 4FCI/DC22'' *

'
379 V15 AND 1 1 -n DC1 Fn
ISO V 36 AND 2 2 -o DC1 NFD ER/DC1 FCI/OC11 .. *

I, ISI V37 AND 3 I -0 DC3 NFD NFCl/DC31 ED/DC1 -

| 182 V 38 AND 3 1 -0 DC) MFD MFR/DCI FCl/nC12 ..
.| 843 V19 AND 4 6 -6 DC1 NFD 4ER/DC3 NFCI/DC32 - . . .

-.

184 NVRR9 NnT 4 1 -O VBel *
1

:! 185 NVBR2 NOT n 1 -0 V9R2
18 % NVBR3 NOT O I -0 VRR3 - . . . . - . . ~ . . . . - . . . . . . . . . . - . -

q
,- [ p: J

"'''*** - * - *-? ' . * '' ** . '187 NVSR4 NOT 4 1 -O VRR4 *' " " * *

saI 88 NFC1/Cul NOT 4 I -0 FCI/C41
.| 189 NFCI/CN2 NOT n 3 -o FCl/OI2 -

- 1.3
*

,f 190 NER/C4 NOT o I -0 ER/C4
-

'{ 191 NER/DCl NOT O I -0 ER/DCI
~

> 192 NER/DC2 NOT C 3 -6 ER/DC2 . . . - .

: e 193 NER/DC3 NOT 0 1 -0 ER/DC3 s-
i '

f G 194 NFCI/DCil NOT O I -0 FCI/DCll
- -'*

- 195 4FCI/DCl2 NnT O I -G FCI/DCl2 . -

| f' 196 NFCl/DC28 NOT C 1 -0 FCI/nC21 .

197 NFCl/DC22 NOT o I -0 FCl/DC22
L |- 198 NFC1/DC31 Mnf 0 1 -0 FCl/DC38 -

.
- *

|! 899 NFCI/DC32 NOT 0 I -0 FCl/DC32
' ;.

'| 2nD NFD nut o I -o FD
; 208 C4 OR 2 0 -O C4.PCDA C4NCDA . - - 4 -

i; 2n2 CW.PCDA OR 4 0 -0 C4.'CF CM.'TnP Cu.* LOC A . CM."LnHS . -
- ?

203 C4.UCDA OR 7 n -o C4.UCF C4.urnP C4.UTottAF Os.ULnCA C4.ULOF C4.USAMS Cu.*UCFAIAF ,

204 C4.CF AND 8 I 0 CF C4/CF .~ ...... . . . . . .... .~ . , .

205 C4. TOP AND l 1 -0 Top C4/ Top
* ' ' ~ ' * ' , .

. . . . . . ..+

[2n6 C4.LOCA AND I I -O 1ACA C4/LOCA ...:

. . . . . . . . . . -

*' # ** * ' ..'sC4/LnHS .'.'...
] 207 C4.LOHS AND l 3 -O LDHS ..

4 208 C4.UCF AND I l -0 UCF C4/UCF
l' 209 C4.UTOP AND I I -0 UTOP C4/UTnP

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

4

!' 210 CW.UTotLDF AND 4 3 -D UTn P&UtAF E4/UTELnF. . . - . _ . _ _ . . . . . . . . . . . ...

218 C4.ULIC A AND I I -O ULOCA CN/UtACA . .

212 C4.ULnF AND I I -0 Ut.nF C4/ULnF
283 C4.ULOHS AND I I -0 ULnHS 'CN/ULn45'

214 CW.UCFALOF AND I I -O ICFAUltf C4/UCALnF
285 DCI OR 2 0 -0 DCI.PCDA . DC I .'UCnA
216 DCI.PCDA OR 4 0 -O DCI.CF DCI. TOP . DCI.t.nCA DCI.LnHS
217 DCl .UCD A OR 7 0 -0 DCI.UCF DCl.UTOP DCI.UTSLOF DCI.ULnCA DCI . LEAF GCl .tslANS Dr*l .UCALnF .

; 218 DCI.CF AND I I -O CF DCl/CF
3

:i 219 DCI. TOP AND I I -0 TOP DCI/TnP .

j 220 DCI.LOCA AND 1 I -O LnCA DCl/lACA
ii 22 1 DCI.LOHS AND I I -0 LOMS DCl/LOMS
|1 222 DCI.UCF AND I. I -O UCF DCl/UCF . ?
'' 223 DCI .UTOP AND I I -n UTnP DCl/UTnP *

-

224 DCl.UT8LDF AND I I -0 UTOP&ULOF DCl/UTSLOF
i 225 DCl.ULOCA AND l 1 -n ULnCA- DCI/t;LnCA

-
'

226 DCl.ULOF AND I l -O ULnF DCI/ULnF''

$.

\ .
!.i

4

ir * '
'

,

__
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227 ' DC f .ULnHS AND I I -n ULoset DCI/ULnH9
22 8 DCI .UCALnF AMn i 1 -o trFAULnF nCl/HCALnF . . .

229 DC2 nB 2 9 -4 DC2.PCDA DC).UO1 A , . . - -
230 DC2.PCD A nR 4 4 -4 DC2.CF DC7.TDP ,002.I/1CA nCP.Ln619 e.?,-

211 DC2.UCDA op 7 o -n DC2.UCF nC7'.tlTnP nC2.ffTAlt1F nCPlULOC4 MC77ULnF QC7 ULD841 fr77HCALOF - f-

232 DC2.CF AND I I -n CF DC2/CF ''-

233 DC2.TnP AND 1 1 -n TnP DCP/TnP'

234 DC2.LnCA AND I 4 -O tr1CA DC7/l.nCA . . - .

235 DC2.LnHS AND 1 3 -O LnuS DC7/LnHS -

236 DC2.UCF AND 1 1 -O llCF DC2/IICF ;.
I 237 DC2.UTnP A ND. 3 I -O UTOP DCP/UTnP - 4 ~.

.. 238 DC2.UTALnF AND I 4 -n UTOPAULnF DCP/UTALnF . . - -

239 DC2.ULnCA AND l 3 -0 . ULnCA nC2/ULnCA
, 24D DC2.ULilF AND I I -0 ULnF DC2/ULnF . . . . . .

1 241 DC2. ult >HS AND I I -n ULOHS DC7/ULnHS .t-

L ..j.}s'-t 242 DC2.UCALnF AND 1 1 -0 ticFAULnF DC7/UCALOF ,,

; 243 UC3 OR 2 0 -0 DC3.PCDA DC3.UCnA ....

|,.; 244 DC3.PCDA t?9 4 o -o DC3.CF DC1.TnP DC1;LnCA ncilltPts &f
i - 245 DC3.DCDA nD 7 n -0 DC1.UCF DC1.UTnP nC1.UTALnF DC1.IILnCA nC1!81131F DC1J88LnHS DC17tlCALnF

.- .
...Lg(,.,

'l 246 DC3.CF AND I I -G CF DC1/CF A
247 C.C3.TnP AND I I -n Top DCVTnP +- m e s
248 DC3.LnCA AND I I -0 LOCA DCVLDCA * *

249 DC3.LnHS AND I I -O Ln95 nCVLONS * ~ - -

250 DC3.UCF AND I I -O UCF nCVifCF
251 DC3.UTnP AND 1 I -n UTnP DCVUTOP
252 DC3.UT4tnF AND I l -0 UTOPAULnF DC3/UTALnF - .

'' !-;I 25 3 DC3.ULOCA AND l 3 -0 ULnCA DC3/ULnCA i
:I ra 254 DC3.ULnF AND I I -0 ULDF DCVULOF

e 2% DC3.ULnHS AND l 1 -O ULnHS DCVULnHS - --

G 256 DC3.UCALnF AND I I -0 UCFAULnF DC3/UCALnF -
257 AC nR I 5 -O ACI nPO-ACS ACS-Isl EYHAUST P-58TCR T-CFaNS
258 ACI Coal e A 4 AC2 AC1 AC4 ACS - - AC4 -- - AC7 --- - - - . - .

' '
CnMBINATin!6 OATE 4 EVENTS 4 AT A TIME
258 ACI - OR l 0 ADDODel2 . . .d.,

> ..

259 CorBol AND 4 A AC2 . AC1 . AC4 AC% -- * "*

i 260 CnMBn2 AND 4 O AC2 AC3 AC4 AC6
268 CnMBn3 - AND 4 O AC2 AC1 AC4 AC7 . - . - - -- ---.--..-..e- --

262 COMBn4 AND 4 O AC2 AC3 AC5 AC4 - , - '' - * *
'

.
'263 CnMRn5 AND. 4 0 AC2 AC1 AC5 AC7 ,

.i - - - -

,

264 COMBn6 AND 4 O AC2 AC1 AC4 . .. AC7 --
.

t 265 CnM8n7 AND 4 o AC2 AC4 AC5 .. ' ACA , *
. - -

,
' 2A6 C(MAR (8 AND 4 0 AC2 AC4 AC5 ' AC7

. . . 'j 267 CnMPn9 AND 4 n AC2 AC4 AC6 . AC7
* 268 CnMRot D AND & n AC2 AC5 AC4 AC7 .

; 269 COMBoll AND 4 0 AC) AC4 AC5 AC4
,t 270 COMBol2 AND 4 O AC3 AC4 AC5 AC7 .-

' 278 CoMRol 3 AND 4 n AC1 AC4 AC4 AC7
,i 272 CnMSold AND 4 0 AC3 ACS AC6 AC7

''i'! 273 COMRol5 AND 4 n AC4 ACS AC6 AC7 ..

| 274 A!I)CDMI nR 8 0 CnM908 COW 909 Cnw9084 m W90ll Cnuan12 Cnuant3 GF4old Cntran95 '

:1 275 AtI) Coal 2 nR 8 0 ADDoull CnMnnl CnW902 Cnemn3 CpMpod 0)uPn5 Cnumn Cnuno?
. ..

:; --

:! 276 AC2 nR I 2 -O SGli D-1A.PL CF-1A
2 77 AC3 nR l 2 -O SGl4 D-2A-PL CF-2A *i

278 AC4 nR I 7 -O SGl4C D-3A-PL CF-14 i
'

i
279 AC5 nR I Z -O SGil D-IR-PL CF-14 }

i

280 AC6 - mR - -1 2 --O SCl 4 - fb?m=Pt. - -CF-781 .

- *

! 288 AC7 OR . I 2 -0 SGIAC n-3m-PL CF-19 * * ' *
, . , ' - - - '

:I _

4

Ii

.

.,
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242 VPS ' n# 1 5 -0 Vp98 OPD-VP1 VPS-In FINAUST V-PA-F (C-VAI.V1
2A1 VPSI np 2 4 -O Vp42 VPSA

'

284 VPS2 00 8 8 -9 VP93 (Y%VF445
''. . .,

'.285 VPS) AND 2 n -o VPS4 VPMS
2R6 VDS4 no 1 I -o $1tl VF-IA * . '4

' * *
! 287 VPS5 nR I I -n Sr:14 VF-84

I|.* 32 R8 VPS6 AND 2 6 -O VPS7 VP94
289 V PS7 nt 's 2 -4 SOlJ V-14-F V-44-F . . .

; 290 vpSS ne 1 2 -n 5014 V-ta-F V-49-F
297 CU nR I 2 -4 Cl4 OPR-CUS RilP-CUS ,t..

;
292 CUI OR I 3 -n CU2 N-9C J-SC 4-45 J,

4

t 293 CU2 UR I I =0 CU3 CC-CUPPS *

| 294 CU3 AND 2 n -n CU4 CUS , s

295 CU4 UR I I -O SGil CP-1A ..

f
296 CUS OR I 1 -0 SGI4 CP-14
297 LONS OR 4 0 -O LINSI LiptS2 [DH96 IStf57 LnHSR LDlfSCnNT

3 298 LOHScielT nR 5 o -o LnHS9 LnH%.lO IDHSil 1D6fS12 LnH981 --
,

4 209 LOHSI AND I | -O SHRS/ l(ll

| 300 SHRS/ Ae 3 n -O SHR$ NPPS MSOl44 . .-.

301 LnHS2 AND 1 3 -0 SHRS/ I(2) . - . ,- -.4''
. - - .-- a

303 LnHS7 AND I I -n SHRS/ 1(75 . - .
h,}

'' ''***302 LnHS4 AND I I -O SHRS/ f(Al .

. fa *304 Lapis 8 AND I I -0 SHRS/ 1889
305 Lt7159 AND I I -o SHRS/ Itot
3tte LnHSIO At#1 1 1 -O SHOS/ )(10) ..

307 LtytSII A M) 8 I -4 SHRS/ IllIl .,.

> 308 LtHS12 AND G 2 -O SHR$= f(12) '

k 309 Lt#tSI3 AND I I -0 SHRS/ I(13) *
- ,

310 CF AND I I -O SHRS/ | ( 1) *

3JI TOP AND l 1 -0 SHRS/ f(Al
312 UCFAULnF AM) I I -0 ULOF/ f(3)

. 313 ULnF/ AND 2 1 -0 M Pfli NPT SCRA4 - . . ,,
314 UTOP&ULOF AND l 1 -o IILnF/ 3(4);; ,

:) 315 LnCA AND 2 2 -O NPOS NSCRA4 SHRS- I(5) , , ,
.c

! 316 UlDCA AND I I -o ULnCA/ 1853 1 4

317 ULnCA/ OR 0 2 -o PPS SCR44 * * * * '
,.

388 UCF AM) 1 I -0 UCF/ I(31 . . ~ . . . . . . . . . . , -
'

.

319 UCF/ UR I I -O UCF// PPS _ . . . . ,

:i 320 UCF// AND O 2 -o SCRA4 PT

'! 328 UTOP AND l 1 -n UCF/ 1(48 b' *
. .

tR.DFI O . UtnF12 ULOFl 31322 UtDF OR - 8 .0 -o ULOF6 ULnF7 . ULDFs . ItnF9 - . ULnFin., ,i

* 323 ULDF6 AND 1 5 -n ULnF/ f(4) ' . .
'

'

'0'
'

, **'

.
324 UtrF7 AND l .I -o ULOF/ 1(78 _\ .. ;. . . * +

,,

] 325 UtDFB AND l 1 -O ULnF/ 1(8) . .. . -. ; 2 . .- --

- 326 UlDF9 AM) I I -O ULnF/ I(9) i
- 327 UUFIO AND I I -O ULnCA/ f(10) '

't 328 ULOFil AND I 1 -n llLOF/ 9(ISS -

i 329 UU)Fl2 AND I I -0 ULnF/ !(12) i

[ 330 ULnFl3 AND I I -O ULnF/ I(IM e

338 UttHS OR 7 0 -o ULnHS4 ULoHS7 ULOHS4 UL(plSo ULOHSil ULONSl2 ULnHt:3j
-| 312 ULnHS6 AND l. 1 -n UCF/ 1(Al

333 ULnHS7 AND 1 1 -0 UCF/ f(7)'

314 UUNSS AND I I -O UCF/ 1(Al -- -

! ,: 335 ULoH:59 AND I I -O UCF/ f(0)
- 336 UtDHill AND I I -O ICF/ f(ll)

317 UtDHil 2 AM) J1 -O UCF/ 1(12) -. . - - - -a*
'' 338 ULnHSI3 AND I I -n UCF/ 940 %

I 339 N PPS , NnT O I -O PPS
*

! 340 NSCR44 4(K O I -O SCRAll - - . -
341 MPT Mnf a 1 -n PT

*

|
1

,
*

; .
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342 SHR$ DR 8 4 -O $4 55 S6 97 916 411 914 f?WT70 4

343 CONT.Il op 8 4 -6 515 584 917 . 83 9 M21 M77 . 974 CtW Tal? +

344 CtNIT.12 (HI 8 4 -O S25 526 177 939 518 411 914 . r'nstT;I t
*

345 CONT.83 nt 7 4 -6 537 5 34 Sie Sol 547 943 984

346 54 AND 8 o -n NAS w&2 M91 NE- Ntm NF . m2 t' nut;Ie -

347 CONT.84 AND 2 4 -o D 0
348 55 AND 7 1 -O M41 M42 M98 NF NF m2 n rp

' *

349 54 AND 7 0 -O M48 N47 N98 NE 8t ? O F ,

350 57 AND 6 A -a M48 N42 N4I R2 n F ,

358 510 AND 7 0 -O N41 447 M92 48 il n 0
352 SIS AND 6 0 -O M41 N 42 442 41 - n E --.

353 Sid AND 5 o -O 4 41 NAP M8 NGO OWT.15
354 CNT.8 5 AND 5 6 -n NF ml 42 O O
355 SIS AN3 7 1 -6 N48 N42 - - NE NF - 8tl 42 n nn
356 516 AND 7 0 -O NAl 442 . NE 80 8 92 n F
357 587 AND 6 6 -O NAI 442 91 47 D E,

358 S2G AW 7 6 -O N41 * - NC NE NM --- 42 * h - - * 9*~ - G ' **

359 S2l AND 5 1 -O Nal . NC NE A2 8 D. ,m . *
, , , . . .~

*
.,., *:'. W360 522 AND 5 6 -O M41 NC 42 O E.. "- '

g . . . +. a . ~ -.C341 524 AND 7 4 -O M48 NE NF - - WrIn . 42 s .

162 S25 AND 5 I -n M41 NE NF 42 C (M

363 526 AND 5 n -n N4l NE 42 C F
364 S27 4ND 4 0 -O M48 A2 C E

'-

,,
- 345 $ 30 AND & 4 -O M42 NC NE Al n O .

:! 366 S 31 AND 5 6 -o N42 atc 4I n E

367 5 33 AND 5 0 -n N42 NE 48 C 0.
.,

368 S34 AND 4 0 -O NA2 Al C E
*] y

1 a 369 S37 ann 7 o -n NC NE NG4 al 42 - D o
Om -

CD 370 S 38 AND 5 1 -n NC NE 48 42 0 .
:.

:! 378 S39 APU 5 n -O NC At 42 O E
'l 372 S48 AND 7 O -4 NE NF NG9 41 42 C O

m e,. .C
\ 373 542 AND 5 3 . -n NE- . . . NF . . . 43 .. 42 .... ,

! 374 543 AND 5 0 -O NE At 42 C F ,"
:l 375 544 AND 4 0 -O Al A2 C E'

'' 376 NAS NOT l 6 -n. Al
377 N42 NOT I O -n A2

-- . . - - . . - . .- . . . . - - . . . ~ , ,
* ^

,

378 N98 NOT I o -O Rt
~ ' .;;y p. .. .'

,

. ;379 M82 MUT l 0 -O R2
+ ? t- ~ *

389 NC NOT 3 0 -n C*

388 NE NOT I o -O E
* ' ' ,Co~ *

.

'a k .

| 382 NF , NOT I n -O F * i
' 383 NGO NOT O I -O in

384 E OR o 2 -O OP-RSSIRS OP-RSHRS
385 Al OR 2 0 -O SG6 SG7
386 SC6 OR O 2 -n RVESSEl.R Pl mDSnR

.
387 SG7 AND 3 0 -n SGR 500 SGln

:? 388 SG8 OR 3 3 -n Soll SrFIP 5093 NHYlenlF NSrinRolF vt.nnonlR
' 389 SGil AND 2 n -O SG12E SGI3

390 SG12I OR I I -O SG12 NNFT
398 SGl2 AND 0 2 -O LnSP NRLOSP

,fi 392 5013 OR l 2 -n SGI34 nf*A OGARC
' 393 SG134 DR 0 2 -O DGAR DGCA

394 SG9 OR 3 3 -O SG14 SO9P SGol NHXinn2F NSGDRn2F Wl.tnpn2R
395 SGl4 AND 2 0 -O SCl2R 5015 '.-
396 SGl5 OR I 2 -o SG154 pam nG44C

i. 397 SGl5A OR O 2 -O DG4R DG4RC .

398 SG30 OR 3 3 -O SGl4C SGInP SGl0! NHtt rn3F 490 Den 3F ut.nnpn3R
309 SG14C AND 2 n -n SGI2t soI%c .
AnO SGISC OR I 2 -e - 5015C4 - DnC- ~ DGARC J" - --- -- - -- - - . e --. - , . . , , - - - - - - - - - - - - - -**

'
404 SGISCA OR O 2 -4 DG9C DG A '. -

'
i, \.

i
,

*
e

*

"' .m ,
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402 SGHP OR I 2 =0 W PA PPunt PPWrfl 21
403 SG8PA DR 0 2 -0 PPMGl2 PPWn.11 - - *

'

404 SG8l DR I 2 -0 1G914 IPwnl IPuol21
405 50814 0R 6 2 -0 3 Pun 12 JPun.11 ,,

.

464 SG9P ne 1 2 -o SIMP 4 PPun2 DPun123 *fn
40F SG9P4 nR o 2 -0 PPMol2 PPun23 ga'-
408 S091 DR I 2 -0 SG914 IPun2 IPWol23 t 'i

4n9 5091A OR o 2 -6 1PunI2 198023 " .'"
! 43n SGinP oR I 2 -n SolnP4 PPuns PPun121 3

-

488 SGinPA UR 0 2 ao PP4023 PPunji , .

''

412 SG101 nR I 2 -0 SftInIA IPun) IPMol23
483 SGinIA OR n 2 -4 1 Pun 21 1punli

die 42 (ND 2 0 =0 MF 4F
485 MF OR I 2 -0 5012X uAINFFFD 4AINCnND -

#
484 AF nR I 1 -0 5144 4SIG4FWS AVALVESO 40W4TF#6

:4 417 SG44 AND 2 0 -4 5G45 59444 -

'| 450 S0444 OR 0 2 -0 APWTURan 40STF4WO - -

419 5045 nR 2 n -o SG44 SG47
14 420 SG46 OR I l -0 SGil APu4non4:,

428 SG47 OR I I -o SGl4 APumann4 . . . . .

'I 4 22 C OR 1 2 -6 504 SGA4 5419 11n* ERR If4ADHR$ - ...d d,

il 423 5064 OR 3 0 -0 506A1 90642 50643 li , ;
11 424 50448 OR 2 n -0 SGil 904P --

; 425 50642 OR 2 0 -0 5014 SfMp

-| 426 SCoA3 OR 2 6 -n SGI4C SGinP
427 SG39 OR 2 3 -0 SG40 SG4tX fW ALVESn . DMF%LR DHIOVFLF . .''

428 5G44 OR 2 0 -0 SG42X SG41X
'> 429 SG42X OR 2 0 -0 Soll SG42 .

E 430 5042 op o 3 -O DPM4AKIF D9tanolF DHInnolF -

438 SG43X OR 2 0 -0 S014 SG43
412 SO43 OR n 3 -O DPMN4r2F M Lnnn2F f1HYonn2F
433 SG41E OR 2 0 -0 504111 SO41X2 -

434 SG41XI OR I I -O SGil DPuutolF - - -

435 SG4112 OR I I -O SCl4 DPMMA02F e
e' 436 F OR 2 4 -0 SrM Srfio ", --<

431 SC50 AND 3 0 -0 SG58 5052 W3 -- --

438 SCSI OR I 4 -0 SG534 WLmPnJ R m.>JmlF WSGnent F WCynnnIP
,

439 SG52 OR I 4 -0 SC524 NLtriPG2!! RHXIm2F uS@Rn2F WCVnm2P -- - - - -

'| 44 0 SC53 OR I 4 -n SG534 WLtu)Pn1R MHrInq1F alSGDR63F uCVmn3P - ?..
448 SGSIA OR 0 3 -O PSfXPACIP P4VnMIC PRVomlD 8.i .

- - l - F* '-di442 SG52A OR 0 3 -0 PHXPAC2P PNVnno2C PRVfim2O - - ~

d-!' 443 50534 nR 0 1 -4 DHYPACIP Puvon01C PRVom30 - -

.e 444 el nR 2 a -=0 SO4L SG7L
1! 445 SG6L OR o 2 -0 RVESSELRL PLmPSnRL -- -- - - - - -

If 44 5 SG7L AND 3 o -0 SG9L Scol SGinL
44 7 SG8L OR 1 3 -O SGill SCADL SGa ll. WHY1tvil FL uSqDRolFL WLewtoolRL
448 SGill AND 2 4 -0 SGl2tl SGI3L
449 SGl2KL OR I I -0 SGI2L M4FTL
450 SGl2L AND 6 2 -4 LnsP NRLosPL

!ASI SGl3L OR I 2 -n SG134L DG4L SGA9CL
' 452 SGl3AL DR 0 2 -O DGARL DGCAL .

r

453 SG9L OR 3 3 -0 SGl4L SGOPL SGoll UNtlm2FL tivlDRn2FL ultioPn2RL
I454 SGl4L AND 2 0 -0 .SGl2XL SGl5L .

455 SGist OR I 2 -6 SG154L DGmL DG4mts,
456 SGl5AL OR 0 2 -0 DGA8L DGAmCL
457 SGIOL OR 3 3 -O SGl4CL SGIOPL SGInIL WHIInn1FL MSGDR63FL WLODP01RL .

; 458 SGl4CL AND 2 n -0 SG12rL SGl5CL
459 SGl5CL DR I 2 -O SGl% CAL DnCL DGANI.
460 SGISCAL OR 0 2 -O DGRCL DGCAL

:! 448 SC8PL OR I 2 -O SGR PAL PPuoIL PPuol23L
'

a
!

..

9
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; - .
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462 SGNPAL OR n 2 -0 PPuol2L PPuo3tL e

443 SG91L OR I 2 -n SO91AL IPuntL IP"Ol21L - * -

464 50el4L OR 0 2 -o IP4012L IP4n31L I- *

465 SO98L nR I 2 -0 SGOPAL PPMn?L PPunt21L. . . . .

| 464 SO9 PAL OR 4 2 -0 Pownt2L PPWO23L fe ?
467 SG91L OR I 2 -0 509tAL IPun2L IPW4123L *r>
444 SG9]AL OR 0 2 -0 IPWnt?L IPun21L ,

469 SG10PL OR I 2 -O SGIOPAL PPunt PPWn121L |
--

470 SGIOPAL DR 0 2 -n PPuu21L PPun3tL *

- 4 78 SG497L nR I 2 -O SG10848 JPuntt } Punt 21L
! 472 SGintAL OR n 2 -n IP4021L IPun33L -l

473 82 AND 2 0 -0 4FL AFL -

474 WFL OR I 2 -O SGl2YL WAINFFFDL MAINGONDLi

475 AFL OR I 2 -4 SO44L AVALVFSnL NOWATERnL
476 SG44L AND 2 6 -O SG4%L SG44AL
477 SO44AL OR n 2 -O APWTUR90L MnSTFAunL

.478 SG45L AND 2 0 -O SG4AL SG47L
j *ta 479 SG44L DR I I -O SGill APM A nn0AL,

--

e ago Sg4yt og g 3 -n. SGIAL Apunnn6AL .

$ 481 D DR 3 1 -0 SG6L -. SG6AL SG39L UNADMR$'
.r , ,-. J .' g,

482 SG6AL AND 3 0 -0 SO44tL SGaA2L SG643L - - .3 w;;
**

483 SO6All OR 2 0 -p Scill SG9pl.

i 484 *SC6A2L OR 2 0 -O SGl4L SGOPL
*

- 485 SG643L DR 2 n -o SG14CL SGInPL
484 SG30L nR 2 3 -0 %4nt SGalIL DvaLVESnL nnVFSSLRL INXnVFLFL

f 487 SGanL OR 2 0 -0 SG42XL SG41XL _

489 SG42XL OR 2 0 -0 SGill SG42L -

489 SG42L DR 0 3 -0 DPM N AKI FL DRLnnntFL DMXtwvilFL
,

400 SG43XL OR 2 0 -O SGl4L SG41L -

491 SG43L OR o 3 -n Dov44r2FL D9Lnnn2FL DHX'W12FL -*

492 SG48XL OR 2 o -0 SG41Ytt SO43r2L
493 SG4tXIL OR I I -0 SGill DP4NAOlFL -- - -

,

; 494 SG41 X2L OR I I -0 SGl4L DPW440?FL -e
' 495 G AND 2 0 -O WF4 AFN

-O496 4FN OR I 2 -O SCl2XL WAINFEFD4 4AINCnNDN - ---

497 AFM OR I 2 -O SG444 AVALVES04 . NowATERn4 ;---
498 SG44N AND 2 0 -0 SG4%4 SG44 44 .

----- "4 99 SG44AN OR O 2 -O AP4TURMON NOSTEAunN - -- -

,--.--..l500 SG45N AND 2 0 -O SG464 SG474 . - - - .

- Snl SG46N OR I I =0 SGill APutnnnAW - . .

502 SG47N OR I I -O SGIAL AP4PonoA4 --- - r L db 4 4 --

4'

4
-

-
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Appendix B
'

DATA BASE

Faiiure data and data source employed in this study are presented here. Table-
'

B-1 shows the input data for the component or human failures, and Table B-2
lists the frequences estimates for the phenomenological uncertainties.'-
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Table 8.1

EQUIPMENT AND HUMAN FAILURE DATA
.

Failu e Mode Event Code Failure Frequency (Mean) Reference
Cceponent r

*

Reactor Vessel Rupture RVES$tLR 2.7 a 10*I/hr 5Ah081 0260

Primary Loop Rupture PLOOPS@R 2.7 a 10*0/hr 5AN04).0260

Intermediate Rupture MLOOP91R 2.1 a 10*I/hr 5AM081 0260

2Loop
3

Intermediate Rupture & mil @J1F g.1 a 10*I/hr SR300e

Heat Enchanger Fluggtag 2
3 .

(Idt)
* 5 team Rupture & MSGDRJ1F 5.7 a 10*I/hr 5AN081 0260

Generator Plugging 2
3system

Electrte Otstributton MET 4.2 a 10*'/hr St.304
Po er Faults

.

1 a 10*I/d 2R.300
Loss of HCOA LOSP

Offstte
Peer

Non-recovery NRLOSP 3.1/d in 2 hours 3R.300

of LOSP 0.01/d in to hours SR-300

1a10*f/d+ St.300
1 Olesel Fall to 004

5 tart or DG8 3 a 10* /hr
Run DGC

2 Olesels Fall to 00A5 1 a 10*3/d SR.300
5 tart or DG8C

Run DGCA

3 Olesels Fall to 00A8C 1 a 10~0/d SR-300

5 tart or
Run

1 Pony N tor Falls to PPMJ1 3.8 a 10* /d + WA W .1400

5 tart or PPMQ2 1.3 a 10* /hr
Run PPM 03

IPM01
IPM32
IPM33

2 Pony Ntors Fatt to PP4012 7.4 a 10~0/d WAS 1400
g 5 tart or PP4023

Run PPM 031

3 Pony Ntors Fall to PPM 3123 1.5 a 10* /d WA W.1400

5 tart IPMJ123

e .

o
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Table B.1

EQUIPMENT AND HUMAN FAILURE DATA (Continued)

Cosponent failure Mode Event Code Failure Frequency (Mean) Re ference' .

Main Feed =ater Falls to MAlhfEED 7.7 s 10**
$sstes Operate

Mala Condenser Falls to MAlhCONO 1.6 s 10-5/hr SAND 81 0260
Operate

PPS No $lgaal M51GAFWS 1 a 10'0/d SR-300*

to start
AFW5

.

Failure of Control AVALVE5S 2.3 a 10*3/d 5AM081 0260
g

AFW5 Valves

Protected water 20dATEtf 2.7 a 10*8/hr 5AND81 0260
Water imavailable

.storage
Tant

Turotne Falls to APMitR89 5.4 s 10-5/hr SAM 088-0260

driven Operate
pop

he steam to 205fEAPG 1.2 s 10**
tureine erleen
pump

Motor driven Falls to APMAJJJA 1 a 10*I e St.300
fg/hrpump start. Falls AP4 JJJA 5.8 a 10

to Run

Operator Falls to 00 PERE 1.1 a 10*3/d SAND 81-0260
Initiate
DMR$

Failure of DVALVE58 2.4 s 10*d/d 5Ah081-0260
D445 Valves

43 Overflow Rupture 00VF55La 1.6 a 10*'/hr SAM 081-0260

Vessel

ho Overflow Rupture or DH10VF LF 9.1 s 10*I/hr 98 300
Meat Plugging
Eschangers

i

no Pump Falls to OPm AJ1F l 10-6/hr 9R 300
Run 5PSA@2F

L

e

! -
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Table B.2

PHENOMEN0 LOGICAL UNCERTAINTIES MEAN ESTIMATES

*
1

Phenomenological
Uncertainty |

Description Event Case (Mean) Reference

Fuel is mostly dispersed FD 1.0 x 10-4 Emergency
~

out of vessel given high Judgement
* energy core disruption

Energetic recriticality ER/CM 9.9 x 10~I NLREG/CR-0427
'

given a core melt'
'

Energetic recriticality ER/DC 1.0 x 10-2 Engineering
given an energetic Judgement
disruption

Energetic FCI given FCI/CM1 1.0 x 10-3 Engineering
non-energetic initial Judgement
disruption and energetic
recriticality

Energetic FCI given non- FCI/CH2 1.0 x 10-4 Engineering
energetic initial Judgement
disruption and no
energetic recriticality

Energetic FCI given FCI/DC 1.0 x 10-2 Engineering
energetic initial Judgement
disruption

No vessel head seal VHR11 8.0 x 10-1 Engineering
damage given non- VHR41 Judgement
energetic or benign
initial disruption and*

energetic recriticality
and FCI

o

No vessel head seal VHR21 9.0 x 10-I Engineering
damage given non- VHR51 Judgement
energetic or benign
initial disruption and
energetic recriticality

No vessel head seal VHR31 9.0 x 10-1 Engineering

'

damage given non- VHR61 Judgement
energetic or benign
initial disruption and .

energetic FCI,

B-5
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Table B.2

PHENOMEN0 LOGICAL UNCERTAINTIES MEAN ESTIMATES (Continued)
|

Phenomenological
Uncertainty

Event Description Event Case (Mean) Reference
:

Moderate head seal damage WR12 2.0 x 10-1 Engineering
given nonenergetic or WIR42 Judgement
benign initial disrup-

, tion andd energetic
recriticality and FCI .

Moderate head seal damage WiR22 1.0 x 10-1 Engineering*
,

given nonenergetic or WiR52 Judgement
benign initial disrup- , ,

tion and energetic
recriticality

Moderate head seal damage WR32 1.0 x 10-1 Engineering
given nonenergetic or WR62 Judgement
benign and energetic FCI

Large head seal damage WiR13 1.0 x 10-2 Engineering
given nonenergetic or WiR43 Judgement
benign initial dis-
ruption and energetic
recriticality and FCI

Large head seal damage WlR23 1.0 x 10-3 Engineering
given nonenergetic or WlRS3 Judgement
benign initial disrup-
tion and energetic
recriticality

Large head seal damage WlR33 1.0 x 10-3 Engineering
given nonenergetic or WIR63 Judgement'

benign initial disrup-
tion and energetic FCI

,

Moderate head seal WIR72 9.9 x 10-1 Engineering
damage given moderate WIR82 Judgement
initial disruption WR92
and energetic recri-
ticality or FCI or both

Large head seal, damage WiR73 1.0 x 10-2 Engineering
given moderate initial WiR83 Judgement
disruption and energetic WIR93
recriticality or FCI or -

both

B-6
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Table B.2

PHENOMENOLGICAL UNCERTAINTIES MEAN ESTIMATES (Continued)

,

Phenomenolgical-
,

Uncertainty
Event Description Event Case (Mean) Reference

Retention of the debris VBR 1.0 x 10-4 Engineering' '

in the bottom of the j Judgenent
vessel given dispersed
fuel (energetic dis- ;

# ruption) ,

Retention of the debris VBR4 1.0 x 10-2 Engineering
'

t in the bottom of the Judgement
vessel given fuel is not
dispersed in non-coolable ~

'

geometry

Coolable debris in the CD/VF 5.0 x 10-1 Engineering
reactor cavity given Judgement
vessel failure

> .

.

.

B-7-

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


