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A site review was a major part of the anaiysis. This consisted
of a review of important weather conditions to determine prevailing wind
directions throughout a weather sequence. The population, either shel-
tered or evacuated, along specific evacuation routes was identified. A
review of topoiogical features was also made in conjunction with this
review.

Finally, information from all three tasks shown in Figure 1.1
was assembled to present an evaluated risk of the Limerick plant in com-
parison with the original WASH-1400 BWR results. These comparisons are
presented in Section 4.

1.3 RELATIONSHIP OF THIS STUDY TO THE REACTOR SAFETY STUDY

3.1 Adaptation of Reactor Safety Study Methodoloay

The Reactor Safety Study (RSS) (1-2) was a thorough application
of probabilistic methods to analysis of nuclear power plant risk. The
study that is orssented here is a risk assessment of Limerick 1, a 3WR/4,
naving essentially the same thermal cower rating as the WASH-1400 3WR,
out utilizing a later containment design, the Mark [I. (Design charac-
taristics of Limerick are given in Section 2.3.)

The RSS methodology has been adopted for the Limerick risk assess-
ment. However, there are a number of cnanges required to impliement the
methodoiocy for Limerick. These changes include:

s A revised list of accident initiators

’ A new more detailed set of avent trees =0 model the seguence
of avents ‘ollowing 2ach initiator

2 4 new plant-specific set of Fault tree logic modelis “or
Limerick

r

N A containment inalysis specific to the Mark [I containment
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Common-mode miscalibration of similar sensors is
incorporated into the model (see Appendix A).

Manual Operation -- Several guidelines are used
to define the operator action assumptions used
in the model:

Detailed analysis of the adequacy of ~ore cooling
mder extreme conditions indicates that positive
manual ooerations can be delayed for more than

30 minutes [in most cases, 2 %0 4 nours). This is
based upon the acequacy of core cooiing even if
the effective reactor water level is below the

top of the active fuel. In the analysis invoiving
asvaluation of adequate core cooling and core un-
covering, human intervention to establish core
coolant injection is not considered to be necessarv
for at least 30 minutes.

The event tree/fault tree analysis has been performed
using the huran-error rates documented in Appendix A.
These error rates have been applied to obvious actions
wnich the operator should perform during an accident se-
quence. In addition, those maintenance recovery actions
wnich may be in error and which would adverseiy affect
the system operation have been included in the component
failure rates (see the generic component fault trees).
Operator actiun to restore failed or tripoed system:

nas been included in the case of the power conversion
system (PCS) and the d*esels.

The bases for fault tree quantification are:

. The best astimate for a given probabil ity is
associated with the mean value of the data.
The failure rates used in the study are repre-
sentative of the equilibrium portion of the
plant life.

. The ertire analysis is based on the use of
realistic assumptions, data, and success
criteria, and is intended to model. insofar
as possible, actual events and act ons as
they would be expected to occur.

The failure af display of information to the 7nerator fis
treatad as 31 random inaependent failure or sec of fiilures
and is not dependent on the iccident sequence.



MMH
MoV
MSIV
NC
NEJ
NLC
NLO
NO
NRC
NSSS
NUS
osv
PCS
PECo
P&ID
PRA
PRM
PSAR
PWR
RCIC
RCPS
RHR
RHRSW
RPS
RPT
RPY
ANCU
SAL
SAR
sov

TABLE 1.4 (continued)

Monorail Mounted Hoict

Motor Operatad Valve

Main Steam [solation Valves
Normally Closed

Nuclear Energy Division (GE)
Normally Locked Closed

Normally Locked Open

Normally Open

Nuclear Regulatory Commission
Nuclear Steam Supply System

NUS Corporation

Qutboard Isolation Valve

Power Conversion System
Philadelphia Electric Company
Process and [nstrumentation Orawing
Probabilistic Risk Assessment
Power Range Monitor

Praliminary Safety Analysis Report
Pressurized Water Reactor

Reactor Core [solation Cooling
Reactor Coolant Pressure Boundary
Residual Heat Removal

Residual Heat Removal-Service wWater
Reactor Protection System
Recirculation Pump Trip

Reactor Pressure Vessel

Reactor Water Clean-Up

Science Applications, Inc.

Safety Analysis Report

Scram Dischar e Volume

Shieiding Factor



TABLE 1.4 (continued)

SFSP Spent Fuel Storage Pool

SGTS Standby Gas Treatment System
SJAE Steam Jet Air Injector

SLC Standby Liquid Control

SORY Stuck Open Relief Valve

sP Suppression Pool

SPASM System Probabilistic Analysis by Sampling Methods
SRM Source Range Monitor

S/RV Safety/Relief Valve

SSE Safe Shutdown Earthquake

SW Service Water

TCV Turbine Control Valve

T Turbine Generator

TIP Traversing In-Core Probe

UHS Ultimate Heat Sink



2. A location remote from take-off and landing path-routes of
aircraft to make airplane crashes affecting the plant a

Tow probability. The Limerick site meets this criteria.

3. A location on a sparsely trave’led inland waterway which,
coupled with the Limerick ultimate heat sink (UHS) design*,
minimizes the possibility of fouling the ultimate heat
sink with 0il or chemical spills.

In addition, natural disaster*> demand frequencies fo. the LGS
are at least as low as other northeast utility sites for:

. Seismic ar* /ity
] Hurricanes

. Tsunamis

B Flooding.

Meteorological data, collected for five years on the Limerick site,
were ysed in the analysis.

The LGS consists of two boiling water reactor (BWR) generating
units. Each is designed to operate at a rated core thermal power of 3293
MWt (100% steam flow) with a corresprnding gross electrical output of 1092
MWe. Since approximately 37 MWe are used for auxiliary power, the net elec-
trical output is about 1055 MWe. The multi-stage steam-driven turbine, which
exhausts tc the main condenser, provides the motive force for the electrical
generator.

Condenser cooling is provided by water circulated through natural
draft cooling towers.

*The Limerick ultimate neat sink (UHS) is a soray pond. River water intake
can be snut off if required to maintain UHS integrity and cleaniiness.

**Not avaluated in the LGS risk assessment.



Two independent offsite electric power source connections to
LGS are designed to provide reliable power scurces for plant auxiliary
loads and the engineered safeguard loads, such that any single failure can
affect only one power supply and cannot propagate to the alternate source.
A third independent offsite source, available as a pctential source for
emergency use, can be connected to supply the engineered safeguard loads
in the event of the loss of one of the connected offsite power sources.

The onsite ic electric power system consists of Class 1E and
non-Class 1E power systems. The two offsite power systems provide the
preferred ac electrir power to all Class 1E loads. Ore _ource is the
220-13 kV startup transformer in the 220 kV substation. The second
source is from a 13kV tertiary winding of the 220-500 kV bus-tie auto-
transyormer in the 500 kV substation [n the event of total loss of
offsite power sources, eight onsite independent diesel-generators
(four diesel-generators per unit) provide the standby power for all
engineered safeguard loads.

The non-Class 1E ac loads are normaily supplied through the
unit auxiliary transformer from the main generator. However, during
plant startup, shutdown, and post-shutdown, power is supplied from the
offsite power sources through the 220-13 kV startup transformer and
the 220-300 kY bus-tie auto-transformer.

Onsite Class I1E and non-Class !E dc systems supply all dc
power requirements of the plant.

2.7.6.2 Utility Power Grid and Offsite Power Systems

The LGS generator is connected by a separate isophase bus to its
main step-up transformer bank. The LGS main step-up transformer bank, with
three single-phase power transformers, steps up the 22 kV generatcr voitage
to 220 kV. The 220 kV and 500 kV substations each utilize a breaker and
one-half scheme arranged in an interior main bus hopover design. EZach sub-

o
'

—
~3



Table 2.3.8
LIMERICK SAFETY RELATED DESIGN FEATURES

|

MK II Reinforced Concrete Steel-lined Containment
Large Standby Gas Treatment System

Containment Overpressure Relief

High Quality and Large Number of Safety/Relief Valves
AISI 316 Reactor Piping

Highly Reliabie Shutdewn System (ATWS Alternate 3A)
Spray Pond for Emergency Cooling Water

No NPSH Requirement for Emergency Pumps

Four Dedicated Emergency Diesel Generators

Highly Raliable Offsite "ower (Five Transmission Lines)




Table 3.2.1

SUMMARY QF THE FREQUENCY QF TRANSIENT INITIATORS AND
THE CATEGORIES INTO WHICH THEY HAVE BEEN CONSOLIDATED

TRANSTENT FREQUENCY (Per
Reactor ‘ear) !
.

wsiv Closure ! 1.08

Closure of all “SiVs 1.00

Turoine Trip Jithout 3ypass 3.01

.ess of Concenser 2.067

Turoine Trip 3.38
Partial Closura of “SIVs | 0.20 |
Turtine Trip with Sypass | 1.23 ’
Startup of [dle Recirculation | 0.28 |
Lo00 : |
Pressuce Reguiator Fatlure ! 0.87 !
inagvertent Opening of 3ypass ! 0.00 |
, 04 4itharawal I 0.10 |
! Oisturdance of Feedwater ‘ 0.58 I
! |
! Electric Load Rejection g 0.78 !
] ]
88 of Offsite Power % A% |
I Cpen 3eliaf val | 6 |
!
1935 of Fescwacer | b
ToTAL | 6.2 f
) i

VANUAL SHUTDOWNS | 3.2

*Not used in the Limerick PRA. Limerick site-specific data was used.

Table 3.2.2

EVALUATED FREQUENCY OF PIPE FAILURE IN A BWR
BASED UPON OPERATING EXPERIENCE DATA

FREQUENCY

P1PE SIZE . (Per Reactor Year) |
1 ‘
‘=—=============" 4 !
Large 2ipe ! 10210
> 4% Diam. !
Magium 2ioe 2.3 '.0'1
<4 Mam.
21" Mam.
imail %voe 1.9 ¢ 107°
< 1" Jam,
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® Failure to supoply coolant inventory makeup to the
reactor due to loss of feedwater, nign pressure
systems, and Tow pressure systems (T.QUV and TTQUX).

. Failure to adequately remove decz; heat from the
containment (TT'J Mode 1*).

3.4.1.2 Tw -=- Manual Shutdown

One type of challenge to the reactor systems which is included
as a special category is the case of a demand associated with a controlled
manual shutdown of the reactor plant. Figure 3.4.2 is the event tree used
to characterize this situation. Since manual shutdowns occur with a rela-
tively high frequency (see Appendix A.1), it is important to adequately
characterize the system response required during these challenges.

TM -=- Functions in Event Tree

. The discussion in Section 3.4.1.1 on turbine trip avents applies
to the manual shutdown case, with the following exceptions:

1. ATWS is not a probiem for manual shutdowns due to the
longer time available to react. Those small fraction of
avents wnich are of a nature requiring immediate shutdown
are represented by turbine trip events.

"~
.

The frequency of loss of feedwater from nhigh power during

a manual shutdown is lower than for the turbine trip tran-
sient. Therefore, the probability of TQUV sequences (loss

of core coolant injection) is lower in the manual shutdown

case than in the turbine trip transient case. Even if
feedwater is tripped during the pcwer rundown, it is oossi-

ble to restore the feedwater capability with a high probability.

3. The options available to remove decay heat from the reactor
are more reliable during a slow, controlled shutdown than
during a transient demand. Specifically, the PCS is avail-
acle during the shutdown, therefore the probability of success-
ful heat removal through the PCS is nigh** There is some 20ssi-

and is discussed in Section Z.4.4.
**The same value used for the turbine trip transient was also used
(conservatively) for the manual shutdown.

‘ *Mode | 1s the nighest probability sequence for TW sequencas

3-23
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to compon-mode failure of all electric power for

two hours (loss of diesels = 1,08 x 10-3) plus a 5%
chance that both KCIC and HPCI will not work due to
high room temperatures
eveeee Table 3. 4.1

Loss of Offsite Power Transi'nt Event Tree




B In this analysis Limerick is treated as a one-unit
plant, with two RHR service water pumps, 2ach supplied
by one of the four Limerick 1 dieseis. When Unit 2
enters service, RHR service water for both units will
be powered from the same bus.

Some functions are not affected by the loss of offsite power,
these include:

B L == ADS
. M -- Safcty Valves Open

“ P -- Safety Valves Reclose.

The transient event tree for loss of offsite power describes the
interaction of systems and their response for various time periods ranging
from 2 to 6 hours following a loss of offsite power. System AC power re-
quirements are time dependent, so failure rates vary with time.

T~a following is a summary of the events in the loss of offsite
power Event Tree, Figure 3.4.4. In addition, two of the functions are dis-
cussed in more decail to indicate the nature of the time variance of fail-
ure orobabilities. The two function: assessed using the time phased avent
trees are:

“ Coolant Injection, Figure 3.4.4.b

£ Containment Heat Removal, Figure 3.4.4.c.

The principal events for the loss of offsite power sequence
are the following:

C -- Reactor Subcritical. Failure to bring the reactor subcritical
is treated in ATWS event trees to follow (see Section 3.4.3.1).
Subcriticality is assumed to be successful in this event tree.
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(Time-Phased Coolant Injection)

As seen in the time-phased event tree and Table 3.4.1,

the time

periods of highest probability of inadequate coolant injection are

the perigcds 2 - 4 nhours and 4 - 10 hours.



Table 3.4.1

QUANTITATIVE EVALUATION OF THE TTYE PHASES OF THE
LOSS OF QFFSITE POWER ACCl. “T SEQUENCE

x5 | ! | FAILURE OF | FAILURE OF | COWMON-4ODE | FAILURE OF | |
| e mase | Acciopwr | FALLRE 1O | MIGH PRESSURE | LOW PRESSURE | OIESEL GIESEL | oAU |
| DENT |INITIATOR | agcov SYSTEMS SYSTEMS  GENERATOR FAILURE | GENERATOR = “REQUENCY |
PHASE | Ty OFFSITE m"? v v | PROBABILITY RAEPAIR  (er resctor year)|
| | ' ' |
| 3™ | | 3 | 2 |
lo - 2rewn|ts 0 56 10107} . L onoss10? | L0 3 s |
: | |
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| | | | {
| | | | g | |
Xnil-sanwﬂSJulfzf A8 | Low : . | Losxw? | @ | s2awt
| | |
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% 10 - 72 nowrs | 5.3 2 1072 A 1.ow : . | oex07? 2 119”7

*Probadi 11ty of failure of ventilation of HPCI rooms coupled with the probadbility of
fatlure of operators to establish a natura' circulation ventilation path for these rooms.

**Conditional probability of failure of RCIC using manual control with no power (OC or AC)
for times greatar than 4 hours.

+Secaus: o the redundancy of the available low pressure jumps the dominant contributor to
the loss of the low pressure systems during a ioss of (ffsita power iS5 the cosmon-mode
failure of all the emergency diesels.

++No AC power required for HPCI/RCIC operation during the initial 2 hours following the
loss of offsita power.

*+Probabi1ity of recovery of offsite power is derived from the data analysis performed in
Appendix A for 30 minutes, 2 hours, 4 hours, and 10 hours,

X -- Timelv ADS Actuation. This is similar to the event appearing in
Section 3.4.i.1, with an increase in failure probability due to
potential reluctance of operators to depend on the diesel-powered
low=-pressure system pumps, or the inability of some portion of

the diesels to start and run on full load and therefore prevent

some low pressure pumps from starting, thus inhibiting ADS.

V -- LPECCS. Similar to the event appearing in Section 3.4.1.1
with AC power dependency.

W == RHR and RHRSW ar PCS or RCIC Steam Condensing Mode. The ?HR
and RHRSW systems have a dependency on the diesel generators when
offsite power is unavailable. The PCS is unavailible wnen offsite
power is lost. The reasons for dividing the sequences in a time phased
diagram (Figure 3.4.4c) for a loss of «ffsite power are the following:
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1. Short term loss of offsite power (<4 hours) is not
a rare event; however, 1oss of containment heat re-
moval has the potential to tecome a serious problem
only after about 20 hours. Loss of offsite power for
less than 4 hours coupled with complete loss of con-
tainment heat removal for more than 20 hours is con=-
.idered to be a low probability event for the LG3
configuration.

2. Loss of offsite power for periods in the range of
15 hours is of some concern, bD2cause the PCS may
not be recoveratle in sufficient time to be of use
in containment heat removal. The PCS s given a
Tow prohability of success for these cases.

3. Loss of offsite cower for periods greater than 15
hours has the following effects:

. The PCS s treated as totally unavailable

. The RHR system is the only available system
to perform active containment heat removal.

The net result of this breakdown of postulated secuences is that
the dominant sequence le#ading to possible containment overpressure
as a result of the failure to remove heat from containment is loss
of offsite power for a period greater than 20 hours. The frequency
of loss of offsite power for greater than 20 hours is estimated to
be 1/500 vears (see Appendix A).

W(P) -~ W Given that Event P Occurs. This avent is similar to W except
that the time available for RHR initiation is decreased due to increased
heat load from the open S/R valve.

There are a number of reasons why the calculated level of risk asso-
ciated with the loss ur offsite prwer initiator is different for
Limerick than that <valuated in WASH-1400:

1. The initiator frequency associated with the Pennsylvania-
New Jersey-Maryland I[nterconnection is lower than that
used in WASH-1400.
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2. The HPCI and RCIC systems require pumg room cooiing
if there is a loss of offsite power for greater than
2 hours, or battery charging for long-term loss of
offsite power. (Neith( of these appear to have been
included in the WASKH-1401) model.)

3. The anticipated maintenan:ze unavailability on diesel
generators may be significantly different than that

assumed in WASH-1400.

LOSS OF RECOVERY OF | RECOVERY OF | RECOVERY OF ‘
OFFSITE OFFSITE OFFSITE IFFSITE SFQUENCE
SCWER POMER PMER >0uER
INITIATOR <4 HWOURS <15 “OURS <20 HOURS JESIGNATOR
> & WOURS | > 15 WOURS s e
- — -
. e
et
| ¢
| EJ:
] {
i
’ [r— )
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]

Figu=e 3.4.4¢c Time Phased Event Tree for Calculating Containment Heat Removal

Capability Following a Loss of Offsite Power

3.4.1.5 Inadvertent Open S/R Valve Transient (See Figure 3.4.5)

txamination of the WASH-1400 analysis, and a review of new
operating dita, has revealed an accident initiator previously considerad
unimportant may result in a group of accident saquences which cuntribute
to calculated risk. This initiator is the Inadvertent Qpening of Safety
Relief Valves (IORV) during full power cperation.
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A Licensee Event Report (LER) data search has shown that the
frequency of occurrence for [ORV events in BWRs is greater than the
frequansy for a stuck-open relief valve (SORV) occurring during a tran-
sient. About half of the BWR TORV events occurred at greater than
80% power levels, ar2 half of those vaives remained open until the
reactor pressure was below 200 psi.

The [ORV event tree includes aspects of both the small LOCA
event trees and transient trees. The IORV initially acts as a small
LOCA, with respect to the makeup systems, but the safeguards which
react to high drywell pressure (as may occur during a small LOCA) are
ot activated, so the operator must manually scram the reactor ard start
the makeup systems. Once the reactor is shut down, the [ORV event tree
is similar to the turbine trip transient event tree. However, since the
reactor has been at full power, and has been releasing steam into the
suppression pool for the time prior to scram, the suppression pool temp-
eratyre may have increased significantly. Operating experiencs data
indicate that the MSIVs will close during this event, causing all decay
heat to enter the suppression pool. This decreases the time allowed for
initiation of RHR to preclude suppression pool failure, loss of makeup, and
eventual fuel damage or core melt. The decrease in time available for RHR
initiation along with the manual scram requirements, are the factors which
increase the probability that RHR will be unsuccessful.

The principal asvents for the [ORV sequences are:

TI -- [nitiator. This event consists of a safety/relief valve opening
Tnadvertientiy during >80% power operation. This event differs from
other transient events primarily due to the extra heat load placed on

the RHR system by the blowdown to the suppression poecl.

C' == Timely Scram. There are no “trip” signals generated by the
reactor orotection system during the [ORY event sequence. The operator
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will be alerted to an IORV condition by abserving the SRV position
indicators. Failure of C' implies failure of the operator to scram
the reactor prior to the supriession pool re::hing a temperature
requiring both RHR exchangers to be operational.

C". Failure to scram (either manually or aucomatically from high |
drywell pressure) before the suppression pool reached a temperature
which will eventually raice containmint pressure and temperature
beyond the capacity of the RHR.

C -- Reactor Subcritical. This event consists of a successful
manual scram and is analyzed by the ATWS event tree in Section
3.4.3.1. |

U = FW, HPCI or RCIC. This event is similar to the event appearing
in Section 3.4.1.1.

X. This event is similar to the event appearing in Section 3.4.1.1
with some additional considerations due to the high temperature in
the suppression pool.

V — LP ECCS Available. This event is the same as the event in
S&tion 3.4.1.1.

W. 'This event is similar to the event appearing in Section 3.4.1.1
with the exception that the heat remuval requirments are somewhat
greater for the IORV initiator, i.e., the suppression pool temperature
at scram is assumed to be 110°F, In addition, the MSIVs must be
reopened to activate the PCS

W(C'). This event is similar to W except tnat both RHR loops must

bc operative or the FCS must be recovered to prevent containment
failure.
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3.4.2 Event Tree Analysis-LOCA Event Trees

The L 0CA event trees used for the Limerick analysis are only
slightly different than those used in WASH-1400. The Limerick esvent
trees more realistically model the actions of the coolant injection
systems than those used in WASH-1400. Three LOCA event trees are used
in the Limerick analysis: one depicting LOCAs which depressurize the
reactor (large LOCAs); and two which deal with medium and small LOCAs
which do not cause the reactor to depressurize (see Figure 3.4.6a, b,
and c, respectively).

The large LOCA tree is similar to the one used in WASH-1400.
[t contains the same svstems and structure as the WASH-1400 event tree
with the exception of the electric power (8), vapor suppression (D),
containr t leakage (G), and core cooling (F) functions. Electric power
was 2liminated from the LGS LOCA event tree because a more proner traat-
ment of electric power and its interactions with systems was made by
entering electric power into the individual system fault trees at the
component level. I[n addition, containment leakage and vapor suppression
were also aliminated from the LGS LOCA event trees, since they did not
axplicitly affect the LOCA sequence at Limerick. Instead, they are in-
cluded in the containment event tree (see Section 3.4.3). At Limerick,
the low pressure pumps are designed to He able %o pump saturated water
from the suppression pool with no back pressure requirement in the con-
tainment. The presence of containment l2akage does not adversely affect
their performance. Emergency core cooling functionability*, has alsc
been removed from the event tree, since there was no identified physical
basis for this event.

The medium LULA and small LOCA event trees (see Figuras 3.4.6b
and ¢) for Limerick also differ from the WASH-1400 small LOCA event trees.
Electric power (B8), leakage vapor suppression (0), and containment leak-

*WASH-1400 included a probabi'ity that the core would be disrupted at the time
of amergency core cooling initiation and could not subseguently be properly coolead.
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The second system, the Low Pressure Coolant Injection (LPCI) system,
is an operating mode of the RHR system. This system consists of
four pumps which automatically inject directly into the reactor
Vesse .

In order 0 simplify the LOCA event tree, a'l combinations of CS
and LPCI failures resulting in failure of E were combined in a
functional level fault tree. This fault tree reflects the success
criteria established in Section 1.5.

Event [ - Coolant Recirculation: This event involves the long term
recirculation of the water to the core from the suppression pool. This
function can be accomplished with either LPCI or LPCS. The success
criteria and calculated probability are similar to that for short-term
coolant injection.

Event J - Containment Heat Removal: In order to preserve primary con-
tainment i~tegrity following a LOCA, the RHR system must be initiated

within 25 hours as determined by INCOR calculations (see Appendix C).
Residual heat removal has t- -e maintained for approximately six months.
Within the six month period, provisions can be mzde for transferring the
fuel to the spent fuel storage pool, or altermate methods of core cool-
ing can be provided if required.

Because of the potential for fission products inside the primary system
and containment following a large LOCA, neither the PCS nor the COR are
assumed available to perform the containment heat removal function.
Therefore, the redundant RHR system is required to remove decay heat
from containment. The large LOCA event tree (Figure 3.4.5a) displays
this sequence as AJ, where J is composed of only RHR.
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31.4.2.2 Definition of Events in the Medium LOCA Event Tree (see
Figure 3.4.6b)

The medium and small LOCA events differ only in the availability
of the High Pressure Injection Systems for successful mitigation.

Event 51_-‘3ed1ym_L0CA: This event is a LOCA which does not de=-
pressurize the reactor, The medium LOCA event is defined as a
break of between .004 and .] ftz for a liquid 1ine, and between
0.016 and 0.08 ftz for a steam break. Larger breaks will de-
pressurize the reactor without HPCI or ADS assistance and are
classified as large LOCAs. Since the reactor may be isolated sub-
sequent to a medium LOCA, feedwater is assumed to be unavailable
for coolant injection.

Event C - Reactor Scram: This event is defined as inserticn of

‘ the control rods.

Event U - 4igh Pressure Systems: A functional level fault tree
depicting the failure of U for a medium LOCA is simply a failure
of HPCI.

Event X - Depressurization: This event consists of either automatic

or manual depressurization of the reactor to allow low pressure systems
to operate. Failure of this system involves the ADS system failure to
manually or automatically actuate, or failure of the low pressure systems
to start, thus inhibiting ADS. 2

Event V - Low Pressure System: This event is the same as Event V
appearing in the transient avent trees (Section 3.4.1.1).

Event W: This event contains both coolant recirculation and heat re-

moval from the containment. Success requires either recovery of the

PCS or availapility of the RHR sarvice water system and 1 RHR heat
. exchangar, combined with an injection path to the czore.
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For medium LOCAs, if RHR is unavailable to remove containment
heat, COR can be used, as long as the core remains covered; how-
aver fir cases where HPCI fails and ADS is required, COR is
assumed to not be useable. Since only HPCI is available as the
high pressure injection source, its failure coupled with the med-
fum LOCA initiator leads to a direct demand on the RHR system,
without the possibility of using the PCS or COR. This sequence
is the highest Class II probability sequence from the medium LOCA
event tree. The next most likely sequences leading to containment
overpressure are those for which HPCI is available, but RHR and
COR 1s.

3.4.2.3 Definition of Events in Small LOCA Tree (See Figure 3.4.6c)

Pipc Sreaks of less than 0.004 ftz (1iquid; are included in
the small LOCA category. The small LOCA tree is exactly the same as
the medium LOCA tree appearing in Figure 3.4.6b, with the exception of
the requirements for the high pressure systems.

Event ) - High Fressure Systems: A functional fault tree depicting
failure of the high pressure systems subsequent to a small LOCA was
constructed, using the same requirements as the high pressure systom
requirements for an S2 LOCA given in WASH-1400, 4ppendix I.

3.4.3 Event Trees for ATWS and Qther L.~ Probability Events

There a number of events which have been postulated as possible
at nuclear power plants that, because of their low probability, are re-
ferred to as unanticipated events. The Limerick Probabilistic Risk Assess-
ment has included consideration of thrae of these identifiad rare event
sequences because of potentially high consequences.
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the analysis all failures of the bypass valves are assumed to lead %0
loss of heat sinks, condenser, and feedwater. For the purposes of

this analysis suc) a situation resembles an MSIV closure event. There-
fore, turbine bypiss failures and loss of feedwater cases are trea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>