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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 |
: | |
| 1 . Snewn|83x 0 -2 | .28 | 5. | . | Lesst0? | e 205108 |
| | | | {
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Xnil-sanwﬂSJulfzf A8 | Low : . | Losxw? | @ | s2awt
| | |
\ ! ]
% 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— )
|
L S——
]

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 treated

as MSIV closures. These sequences are classified as MSIV closures, be-
cause they result in effectively eliminating both the coolant injection
function and decay heat removal function of the power conversion system,
are then incorporated into the initiator for tie avent tree developed
for MSIV closure (Figure 3.4.9).

The orincipal events for the ATWS turbine trip sequence are-

c“ «= The mechanical redundancy of the control rod drive
mechanisms makes the common-mode failure of multiple ad-
jacent control rods unlikely.

Ce =~ The electrical diversity in sensors, logic, and scram
ssleno’ds heip to reduce the potential for common-mode fail-
ures ieading to failure of muitiple rods to insert.

R == Recirculatio.. pump trip (RPT) is imulemented to reduce
the effective power level of the core from 100% to approxi-
mately 30% with the control rods out.

K -- Alternate Rod I[nsartion (ARI) incorporates a number of
changes including additional sensors, additional logic,
and additional solenoid vaives on 2ach mechanism to provide
adaged assurance that the postulated electrical failures will
not prevent control rod insertion.

Beyond the design capability i) prevent ATWS (which is the
preferred method of treating any ATWS case), there is also a combi-
nation of systems wnich can effectively mitigate the consequences of
a postulated ATWS. The functions required for ATWS mitigation during
the turbine trip avent are those identifiea 1n Figure 3.4.3 and dis-
cussed below:

X
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For the Limerick analysis, containment heat removal! is successful with
RHR and PCS unavailable if COR successfully operates. The heat would
be removed from containment Dy steam passirng from the reacto: through
the safety relief valves, thrcugh tia suppression pool, through the
drywell and directly out the Containment Overpressure Relief system

to the atmosphere. [t is assumed that once initiated, pressure relief
from the reactor will continue to be successful during this process
with appropriate relfability. 7 iure 3.4.13 is the bridge tree for
the TV _ ‘pe sequences. The method of quantifying and evaluating it is
presented below.

The following discussion 7 the hridge tree as applied to TW
sequences is provided to clarify the event descriptions:

W -~ Init1gt1n§ Event. For the TW event tc occur, the RHR
system and the Pcwer Conversion System must be unavailable.
For the RHR to be inopurable, either the RHRSW is not avail-
able to the RHR heat exchangers or the LPCI pumps are not
operable. These two eventt ire evaluated as approximately
equally Tikely to occur. ™ha availability of the LPCI pumps
will affect the success crii=ria used in both the TW event
trees from Section 3.4.7 and the bridge tree; therefore, in
the TW-type aevents the common dependencies of "W" and Mode 3
functions need to be accounted for. This is accomplished by
combining the antire sequence in a 30o0lean fashion (see
Appendix 8).

Event Mode 1 -- Failure of Containment Qverpressure Relief. This
represents the process of opening the containment vent as described
in the emergency procedure guidelines. Failure of COR is assumed
to result in containment failure sequences similar to the T.

sequences descrited in WASH-1400. The overpressure relief procedure

is assumed to require:
# Indication of high containment pressure
. Indication of RPY water level L1 or above
. indication of low radiation in the containment
» Operator action (manual action from control room)

. Fower to COR valves (emergency nower bHus).

w
'
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Event Mode 2 -- Failure to Maintain Overpressure Relief Over the
Long Term. Tnhe failure of any of the requirements of Mode | may
result in closure of the COR valves. In addition, the COR valves
may be closed to prevent rapid blowdown, and then fail to reopen.

Event Mode 3 -- Failure of Coolant Makeup to the Reactor Vessel.
K functional fault tree was constructed ;or the loss of reacter
coolant makeup failure modes. Four sources of makeup water are
available to the operator and all must be lost for an event Mode

3 to occur. The sources are: 1) the suppressicn pnol via LPCS,
HPCI, or LPCI pumps; 2) the condensate storage tank via HPCI, LPCS,
RCIC*, or CRD: 3) the hotwell via the condensate pump; or 4) the
spray pond via the RHR service water system. Availability of these
systems varies according to the failure mode causing TW, the initia-
ting transient, as well as closure of tne COR valve to fail to re-
lieve containment pressure

Event Mode 4 -- Failure of COR Vaives to Reclose. Once COR has been
initiated, there is a poss3511¥ty that conditions in the core may
deteriorate (i.e., Mode 3) such that the COR valves should be re-
closed to provide an intact containment. The failure to reclose
the COR valves due to mechanical problems or human error is assessed
in Mode 4.

Event Mode 5 -- Long-Term Makeup Fails and ContainmEnt Intggr1§¥ Fails.
Mode S 32 decision point used to de*ine the possibility that follow-
ing a loss of long-term coolant injection (Mode 3) with the ccitain-
ment at relatively high pressure that the cnsuing postulated core melt,
RPY failure, molten core-concrete interaction, and containment heat
load may all combine to lead to a containment failure prior to the
radionuclide vaporization releases (see Section 3.5). This possibility
is only considered for those sequences associated with high containment
pressures prior to initiation of core melt and is assumed to lead to
radionuclide releases comparable to that of Class I[V.

Table 3.4.3 summarizes the effects of each of the bridge tree event
sequences for those processed by the bridge tree.

In summary, preserving containment integrity is important to the
avaluation of the TW sequence. Preserving containment intagrity (through
the incorporation of a pressure relief function) means that the only other

*RCTIC trips off automatically at nigh containment pressure.
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Table 3.4.3
BRIDGE TREEZ EVENT SEQUENCES IMPACT

SEQUENCE FAILURE WUOE [MPACT TIME FRAME
None o A

Mode | COR Fatls Jelayed Core Melt 27 Hours

“ode 2 COR Fatls Delayed Core Meit 27 wours

“ode Coolent “rheup Core Meit (Sielar to TUV) | 2410 Hours
Farls

“ode /4" COR Fatls Open Core Meit (Direct Reiease) | 2-10 Hours
and Coolant
akeup Fails

ode § Long Terw Make- [Potencial Direct feiesse | 2-10 Hours

| 4o Fails and  From Containment Follawing|

Containment Core Melt
Integrity Fails l

*Mode 4 is treated the same as Mode 3

function required to main:cain core coverage is makeup wa*er. This can be
accomplished from a number of water sources as shown in Table 3.4.2. A
functional fault tree for long term coolant makeup to the reactor was
constructed.

3.4.4.2 Lcss of Containment Heat Removal (RHR) Following An ATWS
Event (ATWS-W Type Sequences)

The bridge event tree is used for the ATWS sequences involving
the inability to remove heat from containment. Figure 3.4.13 is ac.in
used t2 process those sequences for which containment heat removal fails
follow.ng ar ATWS event. The important features of the ATWS-W bridge tree
are the following:

ATWS-W. An ATWS plus loss of containment heat removal (W) does
not necessarily lead to inadequate core cooling, since the in-
clusion of containment overpressure relief (COR) provides a
viable alternative to maintain containment integrity and remove
heat from containment if both liquid poison and coolant injec-
tion are not successful.
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Mode | failures are those involving the success of coolant
makeup to the reactor despite failure to maintain centain-

ment pressure within design limits following an ATWS. This
involves HPCI opcrnt1n? successfully beyond its normal limits
(see Appendix B8). Failures of this type are considered to lead
to containment failure prior to core melt (Class IV), so that the
fission product releases to the drywell have an immediate and
direct path outside containment. This type of failure is con-
sidered similar to the TW sequences except that ther- may be
more heat stored in the fuel resulting in a more energetic re-
lease, melt may occur more quickly, and a larger radicactive
source term may result. Class [V has its own unique release
fractions (see Appendices C and D).

d nd 1/3 failures lead to accident scenarios similar
to Class acc ts; that is, the containment is at elevated
pressure prior to the initiation of a degraded core condition,
but maintains its integrity throughout the core melt and vapori-
zation phases.

!*d* 3/4 failures are grouped into Class [V since they have
similar effects to those noted above for Mode 1; that is, the
containment is not intact when the nostulated core melt occurs.
The reason for the loss of containment intsor~ity is the failure
to isolate the COR system following initiation of core meit.

Mode 1/3/5 failures arc similar tc “ode 1 failures. Mode 3
imniies that failure of coolant injection occurs but the core
melt/core vaporization does not occur until after containment
failure. This failure mode is assigned a Tow orobability.

In summary, the ATWS-W bricge tree displays the possible outcomes
of an ATWS event followed by a failure to remove the heat from containment.
The outcomes are classed as: (1) acceptable for the cases which invalve
successful COR; (2) Class [II events; (3) Class IV svents involving a con-
tainment which is not intact prior to incipient core melt from relatively
high power.

3.4.4.3 Mismatch of Containment Heat Removal and Heat Production
Following an ATWS with Loss of all SLC Poison Injection
(ATHS-C2 Type Sequencas) (See Figure 3.4.13)

The bdridge avent tree also assists in classifying the possible
sequences resulting from an ATWS event in wnich the diverse shutdown mech-
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3.4.4.4 ATWS Events Coupled With Loss of One SLC Pump (ATWS-C

anis (SLC) also fails. This type of event is evaluated to have a low
probability; however, the consequences may be very high. The key features
of the ATHS-C2 bridge tree are as follows:

Mode 1 and Mcde 2 -- Contg‘l?nt Overpressure Relief. The analysis

s similar to that discussed ative; nowever, by the nature of the
accident it is assumed that there is 2 high probability of steam
generation in excess of COR capacity or sufficient fuel failures
may occur resulting in an automatic interlock prevanting COR from
operating. Therofore, because of these two factars, the probabi-
Tity of COR preserving the core .integrity given ATHS-C2 accident
sequences is felt to be Tow.

Mod == Mak Water Reactor. The design of Limerick includes
specific features to shut o th hizi pressure safety systems (HPCI
and RCIC) on high containment pressure*, Since these features are
included in the desic a high level of success is accorded the

shut off of the high pressure systems for this sequence. However,
the interlock or trip can be bypassed, so it is assumed that the
possibility exists that the operator will ignore the interlock and
restart HPCI.

Mode 3/4 -- COR Valves Fail to Rg*lose. Given that COR has operated
and that coolant makeup water is lost, the COR valves may also not
reclose. This is a Tow probability event and does not significantly
contribute to the probability of Class [V events.

Mode 1/;55 -- Loss of Contaiggggt Integrity Before Core “elt With
Loss of Coolant Injection. B5ecause of the rejatively rapid in-
crease in reactor pressure associated with ATWS, and failure of the
SLC, the containment pressure is expected to rise sharply. Follow-

ing HPCI shutoff on high turbine exhaust pressure, tiie containment
may fail due to high internal pressure.

Type Sequences) 12

ahen only one SLC pump is available for poison injection, the

outcome of ATWS avents may differ from the two pump case so these sequences
have been treated separately to add specificity to the determination ..
ATWS events.

*The snutoTf 1s on nign turbine exhaust pressure, and is for the
purpose of protecting the tur.ine.
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Mode | and Mode 2 -- Containment Overpressure Relfef, The analysis
1s the same as discussed above; however, since some poison injection
does occur, reactor subcriticality will take place in approximately
30 minutes. Therefore, the probability of success of CCR and the
failure modes are similar to those discussed under ATWS-W.

3.4.5 Containment Event Tree Description

The containment event tree developed for the Limerick analysis
differs from the containment event tree appearing in WASH-1400 through
differences in containment design and operation of safety systems. The
changes are reflected in the following areas:

. Containment structural capability of the Mark [l steel-
lined concrete structure versus the Mark I[/BWR steel
shell containment used in WASH-1400

[ The internal configuration of the dryweil and its
relationship to the wetwell

» The adequacy of the secondary containment enclosure for
processing any small leak releases from the primary
containment -

v The elevation of the release ard the release fraction
as a function of the various containment failure modes.

Figure 3.4.14 presents the containment event tree which describes
the possible failure modes of the Mark [I containment. For some core melt
classes (Classes [I and [V), the containment is taken to be failed prior
to core melt. For these classes, the containment event tree represents the
probability that the release of radicactive material following core melt is
via a particular path. The failure modes used in the quantification of
accident sequences for input to the ex-plan¢ consequence analysis (CRAC)
are calculated for the four types of core melt initiators.

Using the four classes of core mnit initiators (as defined in
Section 3.4.0), the containment event tree yields ten sequences for each
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of these classes, or on the order of forty sequences which can be analyzed
by CRAC. Some collapsing of sequences into groupings by containment fail-
ure mode was performed and is discussed in Section 3.4.5.3.

3.4.5,1 Containment Event Tree -- Event Definition

The following discussion provides a qualitative description of
2ach of the events considered in the containment event tree, Quantification
of the tree is discussed in Section 3.5.4.

(M -~ Core Melt. This is the initiating event used to enter the
containment event tree., [t provides a 1ink between the contain-
ment event tree and the accident sequences developed in Sections
3.4.1 through 3.4.4, For the LGS risk assessment, the types of
initiators used to enter the containment event tree have been
divided into four classes as discussed in the introduction to
Section 3.4,

3 -= In-Vessel Steam Explosion. Prior to vessel melt-through, the
molten core may drop into water in the bottom of the reactor vessel
causing a steam explosion of sufficient energy to cause vessel
rupture, The probability of this is believed to be extremely remote
for a BWR, buti was assigned a probability of 0,001 for this analysis.

8 -- Containment Steam Explosion., Subsequent to reactor vessel melt-
through, the molten core may fall on the diaphragm floor, melt through
the floor, and fall into the suppression pool in such a state that a
coherent steam explosicn may occur. This phenomena may lead directly
to failure of bcth primary and secondary containment. This event has
teen assigned a probability of 0.001. See Appendix H for a more
detailed discussion of this phenomenon,

u == Hydrogen Combustion. This event focuses on the postulated
scenario in which sufficient hydrogen is yenerated in a core mel”
sequence to allow potentially explosive mixtures of hydrogen to
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exist in containment. Hydrogen combustion is of concern if any of

‘ the following conditions exist:
. An accident occurs during a period when containment is
deinerted.
. The containment inerting system fails undetected and

sufficient oxygen accumulates in containment to allow
an explosive mixture to be possible during a core melt.

E Subsequent to core melt a containment failure occurs
which would result in oxygen in-flow into the primary
containment.

u' == Hydrngen Detonation. While a combustible mixture of hydrogen
may exist within containment for the reasons cited above, the condi-
tional probabiliiy that the mixture would detonate (shock wave pro-
pagation) is feit to be less than the probability of deflagration.

5 -- Containment Leakage. Abcve containment design pressure, suffi-
cient leakayz may occur *o stabilize pressure.

y == Containment Overpressure. Given that no containment leakage
occurs, containment overpressure foliowing a core melt s assumed.
The LGS containment pressure capability is estimated to be approix-

‘ imately 140 psig (see Appendix J for further discussion). For core
melt sequernces where no leakage occurs, 140 psig may be reached, or
the molten core interaction with the concrete diaphragm floor may
lead to structural failures which ¢« i1d, in turn, lead to a breach of
containment.

v'/y == Containment Overpressure (split between wetwell and dryweil
failure. Failure of containment due to overpressure has been divided
into two types because of the potential difference in radiocactive re-
lease terms for the case of failure in the drywell and direct release
to the stack, versus a failure in the wetwell, where release would be
through the suppression pool. Failure at very high containment pressure
may occur with equal likelihood in the wetwell or drywell. Therefore,
v'/y = 0.5,

y"/y -=- Overpressure Failurc in the Wetwell Below the Suppression Pool
Water Level. A rupture in the wetwell may be of sufficient size to
lead to a loss of water from the suppression pool. Such a failure mode
may lead to higher consequences than those calculated for vy, since no

. 2001 scrubbing is assumed for this failure mode. The probability of
this occurrence is small.
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5/8 -- Large Leak. The size of the leak from the primary containment is
important in datermining the radioactive releases to the environment.
Specifically, small leaks may be handled effectively by the standby gas
traatment system. However, larger leaks may be coo large to be
effectively processed by the SGTS. (For the large leak, the

conditional probability of the SGT™ operating is assessed as a

factor of two less than for the small leak.)

For the purposes of the LGS study the assumption is made that for
Class [V event sequences the containment pressurization is suffi-
ciently rapid to result in some form of overpressure rupture; that
is, leaks (i.e., low release fraction sequences) are pracluded in
the Class [V amalysis. This assumption is the best estimate of
the containment response unier these conditions.

¢ == Standby Gas Treatment System -- Secondary Containment. This
event represents the capability of the SGTS to process the effluent
of the primary containment to the secondary containment. This event
also includes sequences where containment leakage occurs. Success

of this system is dependent on the primary containment leakage rate.
Failure within the SGTS itself is also considered.

3.4.5.2 Additiocnal Comments on the Containment Capability

One rotable change from the method use to develop the containment
event tree in WASH-1400 as compared to the LGS analysis is the treatment of
containment leakage. Containment leakaje was eliminated from the LGS acct-
dent sequence avent trees (Section 3.4.1 through 3.4.4) and irsated within
the containment avent tree (see Figure 3.4.14), Lickage cf the containment
avent tree with core melt sequences is made directly. The containment event
tree reprnsents only the short term esponse of containment to the core melt.
Long term effects whicn may occur over the period of many days, at elevated
temperatu~e and pressure, are not modeled in this analysis.
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TABLE 1.5.2
SUMMARY OF GENERAL TYPES OF ACCIDENT SEQUENCES*

LLA™S 1 LLASS 11 A5 [l CLASS IV
CORE MELT WITH CORE MELT WITH MELT WITH [NCIPIENT  CORE MELT WITH
INTACT CONTAINMENT FAILED CONTAINMENT CONTAINMEWT FAILURE  CONTAINMENT FAILURE
PRIME EXAMPLE TQuY ™ (HUDE 1)** TCuCz (ATWS) TCuC2 T (MOOE 1)
TrauY Tré (MODE 1) iy thcyPuy (MODE 1)
T QUK T1PW (MODE 1) rhcuPWR (MODE 1/3) Te 2 gfg:g {:/;5)
TMaUV Twd (MODE i) ThcuCoPWp (MODE 1/3)  TedcuW s;ngg Ve
ThaUX TeQM (Q) (MODE 1)  THCwC (MODE 1/3) et NO0€ 1)
TeQUY TeW (MODE 1) Te2CuRs Te2CeR TIC* (MODE 1)
TEQUX TEPW (MODE 1) Te2Clln rﬁ°($§¥¥ e
%ium'; Teuv Tesg (MGOE 1) TelCuPl r;lc,.éz'z moé 5 }‘)
SEQUENCES Tl TgPug (MODE 1) Te2CuCyou Teewisde (0€ )
TLQuY T(W (MODE 1) Te2Cud (MODE 1/3) TiCui2% fuooE 1)
T QUK T{C'W (MODE 1) Te2CuPp (MODE 1/3)  THCuC mgg “3/5)
S1QuV TC* (MODE 1) Te2CuCy (MODE 1/3) TrCuC, mgs };3/5)
oy o e ke o b,
SHQquUV S1# (MOOE 1) TeCuPU Tt E:ggs { }zm
S2Qux SoW (MODE 1) TeCuCy 2V rlrc..u../o
S10M (Q) Tedoucs THow
Tedcu (MODE 1/3) THeRsTr O
Teloucow (MODE 1/3)  T.2C,0,/0
TidcuW (MODE 1/3) Tr2CuM
TIC'* (MODE 1/3) Te3Cuiiy/0
TrdcuCo¥ (MODE 1/3) Te3CuM
TrieuCz (MOOE 1/3) T1Cuun/0
AE/AL T

“"Each of these types of accident sequences may lead to any of the types of containment fai ure modes
identified i~ Section 3.4.5.

**See Figure 3.4.12

+AJ leads directly to a scenario equivalent to TW-MODE 1 since COR operation following a large LOCA
is given a very iow probability of occurring.
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Table 3.5

3

SUMMARY OF SEQUENCE FRENUENCIES (PER REACTOR YEAR) BY CONTAINMENT
FAILURE MODE FOR DOMINANT SEQUENCES OF THE CLASS I VARIETY

‘ |

L

CONTAINMENT FAILURE MODES
?&S a [ Ny ! Y, u ¥ . o ge. C.8
%01 002 I 258 22 025 - 2
1,20 2.2200°19 | €.00107 | 570107t e.9m10° s.om0? | 1.7a07 | 9200
7,u8 09000 | raa0” | 2am0”7 | zowe? | 2200® | esu0® | aome”
1,00 ranor? | Leaet® | Lomo® 16nt0°® Lamio”? | seao® | om0
| Tau 2001079 | s.8a1070 | 7.8a1078 6.010°8 7.3x10°° 2.0 1.2x10°
| T 110" | 2.2010” 2.8010°7 2.4x10°7 2.000% | seai0? | a0
| teun cae”? | aeae? | 1amo® 9.8010” L’ ] s’ |oneao®
T s.oni0”? | s.0x10”? 1.0x10° l.suxo‘: 1010”7 2.0n0% |
T | sem07t? 1.7m107? 2.200”7 1.9210° 2.1x10°8 .10 "
T, 0 | 2.0010°10 | a.0x20"¢ | s.2:00°° a0 s.0x10°? 1.6n10°8 s.ex10°8
1,001 y.am07 0 | 1eaic”? 2.6x10”7 1.7a10" 2.0000°% | 6.1m10 3.3a10"7
8,0  aert | aaott? 1.8x20"° 1.6x10°% 1.8x10"? 552107 2.9x10°%
$,0u8 Lento”?? | 2801079 | 2.6a10°%0 3.n0710 neaot | a0t | s.emi07i?
$,u¥ o 1002 o me®? | 1om0? 5.9m10°10 Losto® | 3ame® | 1rae”?
s, Leaa™™ 3208 | etm0™? 3.6u10°? eone™® | et | gomod
| i 'i
| { !
APPROXIMATE | |
TOTAL PROSIAILITY | 5 | & | e 2 " o -
FOR CLASS § | 1.3x10°° | 2.6a10°° | 2.4a10° | 2.9x10 3.2x10 300107 | 3.4mi0
| skQuENcES | ! ; t i

'

*for loss of offsite power cases no credit is taken for [me SGTS (which 15 powered from normal power
However, sinze the SGTS would not be recuired .~*i1 24-40 hours fo'lowing the loss of offsite

supplies).

sower initiator, this assumption sligntly overestirates the re._“ses fiom these sequences.

A1l loss

of offsite power accident sequences involving containment leakage a. " included in the column for failed
' The total conditional failure protability for these sequo~ces is 0.5 (0.078 + 0.42).

rYe (- t
9is | N

probabilistic risk assessments.
accident sequences within each class is given in
gram provides a visu~l display of the calculated
tential degraded core conditions fo- each of the
Also displayed on Figure 3.5.2 for comparison is
lated core melt taken from WASH-1400 (all values

The remainder of this section discusse; the accident sequence
calculations in various ways to provide a comparison with previous BWR
of all the identified
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A summary chart

Figure 3.5.2.

This histo-

relative frequency of po-

classes of accident sequences.
the total frequency of postu-

expressed as mean valu2s).



Table 3.5.4
SUMMARY OF SEQUENCE FREQUENCIES (PER REACTOR YEAR) BY CONTAINMENT
FAILURE MODE FOR DOMINANT SEQUENCES OF THE CLASS II VARIETY

1

20M [ NANT .
SEQuEnces a g,,,' v ¥ tt.de Gl
.00l .002 256 2 .028 .78 Q2
-
e (aode 1) | waiwM | saaor? 1uae® 9.0005°* Lwe?® | seie? | paao?
T (mde 1) | saxio”t | 1an107'0) 2.3a10°¢ 2.0n10° 2200 | eami0? | 37a0®
T (wde 1) | 36107t | 7200078 9.3a007 s.ou0”® s.000'0 | 280 | 1swo?
Te# (Q)(wode 1)| 2.0010°%0 | «.0x107'0) 5.2000°% 4.4x10? g0 | Leao® | aeao?
T (mse 1) | g0t | :aa0mV] amiod 120" Lo | cao? | 2eame®
T (mode 1) | 3gnctt | 7m0 g oo 072107 s.00 | 3.0a0 | 1.6a0?
Telg (moce 1) | 1 2007l | 2.4m0°M ) 3 1as0? 2.7a0°? 100070 | g0 | wae
TeMg (e 1) | 1200072 | 2,400 3. 1a20°0 | 37450710 3.000° | gen1eO | wae
| 7o (moca 1) 1.5220°% | 3.0010°9 ) 3.941070 1. 300078 3.0007 | Laac? | g0
MEW e st noae a0 | 3000010 | gaaer™ | raae™® | ogaer®
Te® (mmde 1) 1ax10M | 0001078 | 1. 001010 s.9x10" M Loato” | ppaett | p7ae
L9 Leae® | 320070 4 a0 | g g0t eomo? | rzw0? | eran?
S;4 {mese 1) L™t | 3.2a07H e 1a0”? 2.6x10" e.on0® | 20 | 6rai0”?
Sp4 (moce 1) negltyidle | negligible] negligible | negligible negligtdle | nesligibie | negligidle
5, (Q) .00t | 109y 4ae® 1 2,108 raag? | oeeio? | o2aa0?
i:j?g:ii"ﬁ{"g’.:.; 00007 | L7aa0? | 220007 1.9ni0"’ 22000 | r.200® | 250’

e

*For loss of offsite power cases no credit is Laken for the SGTS (which is powered from normal power

suppites).

However, since the SGTS would not be required until 24-40 hours following the loss of

offsite power fnitiator, this assumption slichtly overestimates the releases from these sequences.

A1l Toss of offsite power accident sequences invelving contairment Teakage are included in the column

for failed SGTS (ic, 4c). The total conditioral failure probability for these sequences is

0.5 (0.078 +» 0.42)
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Table 3

« 93

SUMMARY OF SEQUENCE FREQUENCIES (PER REACTOR YEAR) B8Y CONTAINMENT

FAILURF MODE FOR DCMINANT SEQUEN" 5 OF THE CLASS [II VARIETY
CONTAINMENT FAILURE MODES
JMINANT - . , .
SEQUENCES 3 8.0 | e Y | T e3¢ : Cud
.001 ,002 | .26 222 | .028 .078 | .
| rie 2.980107"° ‘s.mm"“' r.50w0 % | ssa0® | T.sma” ; 232008 | vang”
M g v | Lot | 2.2uett ! vame? | 20 2.76a10°'0 | 8.58010°10 | 4 62000
oy, (W06 1) L0 | 7.ea0" I soood | saam0 | ggaott | z.oguo? | 1eaue?
thog, omeun | rauet | Lseeo) some® | L7Imi0 ® | Lesae? | sosae? | 280t
Ty deTy 2eq0 s.60u10 2 | 13wt | raowe? | raree? | rssi0m® | sasee'® | 2.mee?
X FTR 2.06010°"0 | 8.7200070 | 7.3010% | 6.38a00° | T.sa0? | 2.2m07% | 120m0”
XN 2.50010"'0 | 5.00010°0 | 6.81® | sssai0® | szmwo? | vmee?  rosee”
%Y 500" | 126000 | 1ome® | e | vstee? | eowe? | 265007
Ty (ADE 1/3) 6800 | 136100 L7sat0® | ¢ itai0? wrte® | soemio? | 2.a6m0™®
T2y (WDE 173) 2ot | oo™ | iomi0? | saao® | somot® | werao? | iiomo
T¢%, (MDE 1/3) cang | oo™ | Lamio? | oo Laamie”? | s7em0”? | 2.a2a0°8
To oy 27000 | somem!] sameie? | gm0t | ersee® L Y| e
Tl voma2 | s.60m072] 1me? | 9@ | r.enc'O 210077 we
by 15001072 | 3.00007%2 | Lm0 | 33307 | d7smc” ramp’0 ] we
T w0007 | 850002 1me? | 980070 | v.08e0”'® | 2.14m10 - w
o0 (MDE 1/3) 150" | Lsaio | | seei0”? L6753 Latio ® | 3.7en07 "
Telo s e /1) | 70" Latai Bl | o0 | L2zaet® | LasaeM 2.34x10°10 we
7,0 (HDE 1/1) 2102 | 0200072 | 5100010 | 4661070 | s2saiont | reanio™? | 8 2xio™?
Tt (WDE 1Y) Lauoi | zemo™ | g o | 2o 2sau0™® | roae™? ’-“‘“"?
T oaoe 1) | 7.u0d | Lo | LaeeT? | et | azae™? s.saaig-id | 307070
Cttes, oe vy | Leweti? | o0 ? | e | a0 | osrsae aragg 0 | a3
wr 2,000 | 400070 5601078 | saeme? | s.oowe® | rsen0d | s.one”
APPROX INATE P 3 3 - e -
TOTAL PROBMMILITY | 1.4xi0”) | 23000 36810 3.1 210 3.5x10 1.3 210 §.7310

*for loss of offsite power cases no credit is taken for
However, since the SGTS would not be required until 24-40 hours
from these sequences.

supplies).

the SGTS (which is powered from normal power

power initiator, this assumption slightly overestimates “he releases

of offsite power accident sequences involving containment leakage are
The total conditional failure prrbability for these sequences

SGTS (ze, Se).

A1l Toss

following the loss of offsite

included in the column for failed

is 0.5 (0.078 + 0.42)




Table 3.5.6

SUMMARY QOF SEQUENCE FREQUENCIES (PER REACTOR YEAR) BY CONTAINMENT
FAILURE MODE FOR DOMINANT SEQUENCES OF THE CLASS IV VARIETY

CONTAINMENT FAILURE MODES

1, DOMINANT :
| SEQUENCES a L AV T | Y ¥’ ¢c.d¢ g8
| .om .002 503 ! a3 .8 .0002 0002
| 1352, (MOCE 1) 1.48010°'% | 2,960107"2 | Toaam 7 L 5610710 | 7.a0m0e' | 2.96x10°'3 | 29621013
MmooE 3/8; | w.60r107'3 | 9.20010°"3 | 2.3, o 2.0010°'% | 2.3000°"" | 9.20810"" | 9.2010°"*
TGy (MO0E 3/4) | 9.00m107*2 | 1.80m00°11 | w3 3.99010° | wson107'® | 1.80x10°2 | +.Rowr0”'?
(MODE 1) 2801072 | 5700102} va3007? | 1.2600070 1.42210°"0 | 5,70010°"3 | 5.70010°"2
T Cyd (MODE 1) 1.00010°'2 | 20001072 | .0310°'0 | a.8310°"0 | s.00810°"" | 4.00010°1 e
(wo0€ 3/8) | 9.50%10°'3 | 1.50010"'?] 4.78x10°'% | w2110 | w.1su10" | 3 50m10703 NA®
T, (M00E 1) 2.30010""3 | 5.60010"" 3] 1m0 | 1200070 | 1.a0m107"! | s.6omie”™ | s.s0x10° "
oo 3/4) | 9.00810°%5 | 1800107 453000772 | 3,99x10°'% | w.g0x10°'3 | 1.80010°"5 | 1.80x10°"5
,C" (WOE 1) 17001072 | 3.000107'2] ¢ 5501070 | 75301070 | a.s0m0”'! | 3.00x10°'3 | 3.e0mi0°"3
(MODE 3/4) 5.500107"3 | 1,10010°'2) 2.70107%0 | 2.ux107"0 | 2.78010°" | 1.10x00°"3 | 1.10x10°"3
TyiuGoP, (MODE 1) 5.100107"3 | 1.020107"2] 2,57010°"0 | 2.26:10°"% | 2.¢5010°!" | v.02000°") | v.02p107"3
% mgoe 34y | 1.62010°"2 | 3.20007"3] gasaot! | 718007 | 81001072 | 3.20010°" | 3.20010°"
TF2C"c2n2 Mooe 1) | 3.00210°'? | 6.00210°"2] 1512277 | 1.33000°9 1.50x10°"% | 6.00x10°"3 | 6.00+10°"3
7 mooe 37) | 0301072 | 2,06010772| 5.18010°10 | w.56x10°"0 | s.15010°"" | 2.06610°"3 | 2.06410°"3
723%2.2 (MODE 1) 1.50;10':; 15200073 800" | rae! | 380002 | 30007 M e
(00E 3/+) | 6-20210°"% | 1200107 3.12600°%2 | 2.75010°'2 | 3.10010°"3 | 248010715 YO
T CyioNy (WODE 1) | 1.00u! ‘:: 2.000107'3| s.03000"" | au30”'' | s.00x1c'? | 2.00010°" | 2.00x10°"
T (h00E e | 3-300007' 1 6.600°07"%] 1.662107"" | 1.uexio”!! | 1.680107%2 | s.6ck107'® | 6.60800°"5
| the o (00K 1) 297210 ' | s.5un10”"| 1aen107 | r320c7® | 1a000? | s.9u0¥ | 5 gunio®2
I "y 21\,.005 vys; | vame' | 20| 6.00107° 5.36x10 -2 6.05210°'0 | 2.42x10°"2 | 2.42x10°'2
TetC, (MOOE 1) 1.80110°"" | 3.60010°""} 9.05610°9 | 7.97x10°% | 9.00410°'® | 1.50m10°%2 | 3.50x10°'2
mo0E 17375 | 7-300007 2 | v esnic™?'] 367007? | 32300077 | 3.650100'0 | 1.u6x107'2 | 1.46x10712
g, (Mo0E 1) 12001072 | 2.000107"2] 6.00010°10 | 5.32010°"0 | 6.0000°"" | 4.30x10°33 e
T 0E 1) 200103 | 9.60m10°"3] 2.41010°0 | 2.13410°10 2.9000°"" | 192x07 83 NA*
18, (0E 1) 5.60x10°'3 | 1.120107"2] 2.824107'0 | 2.48010°'0 | 2.80m07"" | 1.12010°"3 | 112000713
+ N omme 1/375) z.zo::m_‘l‘x3 a.-ono‘:f ‘.nno”;’ 9.75.10"1‘ 1.10-:0"; a.%0210 13 a.40n10°1
Hew /o iod6ald” " | 252010 3| 7-30 ] 47410 7.30x10 “ z.zeuw"‘z 2.20m10" 12
TIQ' 3.90010°" 7.90010712] 1.96x10° 1130107 1.951107'0 1.30-10‘.': 7.80x10°13
TceRe T, G R 1.05x10 “2 z.mxw"; 5.2&10'; 4.55,10‘; 5.26:10720 | 2.10000"°¢ | 2.100007'2
Te2Cyl, /0 9.00x107'% | 1,80x10°" 5300077 | 399007 %.50010~'0 | 1.80010° 2 | 1.80m10"?
Tr?‘n“ 2.25210°"2 | 85001072 1.13510" 9.97x10°'0 | 1.13x10°'0 | a.s0x10°'3 | w.50x10°"3
TeTCydy/0 2.20010""2 | waa0x10713| 1110007 %0 | g7emi0 M | towiet' | 5lsoeigt! NA®
rEJC"\' s.40x10" " | 1.08x10°13| 2,72010~"! 2.39:10-3‘ a.1ono’f? 2.16x10" 44 A
rl‘c”un/g 0.20000""3 | 8.00010°*3] 2.11010°"0 | 1.862107'C | 2.10m10 0" | 8.u0x107' | 8.40x10°1*
t. %4 7.10110° " | 10201073} 3.57500~"" 500!t | 35800012 | re2n00™ | 1e2a0e 1t
rotmﬂw:‘aﬁm Lai? | zet® 72x10°° 5,9x10°" 6.7x10°? 207" | 260071
FOR CLASS | 441 :
SEQUENCES |

—_— .
For loss of offsite power cases no credit is taken for the SGTS (which is powered from normal power

supplies).
power initiator,

S6TS (ze, 2¢).
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However, since the S6TS would not be required until 24-40 hours following the loss of offsite

this assumption sliahtly overestimates the releases from these sequences.

of offsite power accid A1l loss

ent sequences involving containment leakage are included in the column for failea
1 2
The total conditional failure probability for these sequences i5 0.5 (0.078 + 0.42).




Each of the accident -lasses has been examined in further depth
to determine the principal initiators and sequences which make up the in-
dividual classes. Figure 3.5.3 summarizes, in histogram format, some of
the dominant sequences by class. The frequency of these sequences is
displayed for each sequence. Note that the loss of coolant inventory
sequences are calculated to have the highest frequency of potential de-
graded cnre conditions. Smaller contributors irclude ATWS events, large
LOCA, and small LOCA. Loss of containment heat removal sequences have
a relatively low probability when compared with WASH-1400 estimates pri-
marily due to the inclusion of controlled containment overpressure relief
(COR) at LGS.

The accident sequences which dominate the overall estimated fre-
quency of postulated degraded core conditions are:

. Loss of offsite power (TEQUV, TEQUX)

. Loss of coolant makeup to the reactor following loss of
feedwater or MSIV closure (TFQUV, TFQUX)

. ATWS events followed by a failure of high pressure coolant
injection or poison injection (TECmU, T?Cmcz)

. Large LOCA (AE, AJ)
. Medium LOCA (S, UV).

Table 3.5.7 provides a comparison of the calculated values for
some dominant sequences from WASH-1400 versus the values calculatad for
the Limerick amalysis. Figure 3.5.4 provides a graphical display of the
calculated core meit frequencies from WASH-1400 and Limeric:.

3.5.3 Quantification of the 3ridce Everc Tree®

The Limerick analysis was performed making use of a containment
design feature which will prevent gverpressure failures under certain cir-
cumstances. This containment overpressure relief (COR) feature consists

¥This information 15 use. in deriving the fraquencies given in Section 3D
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of a set of valves which can be oper :ed from the control room to relieve
pressure in the containment (see Appendix B). Since the valves are assumed
to be interlocked to high radiation monitors, COR can only be utilized for
cases where no significant radiation has been released to the drywell.

‘hese cases are generally the Class II and some Class IV types of sequences,
involving ths tnability to remove heat from containment. For these two
classes,the reactor core is adequately cooled; the major concern is main-
taining the containmer® intact and within its pressure capability, while
insuring no offsite consequences. (In considering COR, a conservative
analysis, using 5% worst meteorology*, a semi-infinite cloud model**, and

a realistic noble gas sorrce, showed that offsite doses would be less than
one five-hundredth of permissible guidelines (J0CFR100), and would result in
no offsite consequence, basad on exposure of the population.)

WASH-1400 LIMERICK

MEAN - “3/REACTOR YEAR i
N~ IR MEAN ~ 1.5x10"3/REACTOR YEAR

i e
LOSS OF oL

OFFSITE POWER

Figure 3.5.4 Comparison of the Contributing Accident Sequence to the Calculatad
Frequency of Core Melt from WASH-1400 and the Limerick Analysis
(Area of "Pie Chart" is proportional to Mean Frequency)

*Worse conditions exist only 5% of the time
**Conservative by aporoximately a factor of three.
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The bridge event tree (see Figure 3.5.5) is provided to connect
the Ciass II and IV accident sequence event trees of Sections 3.4.1, 3.4.2,

and 3.4.3 to the containment event tree of Section 3.4.5.

LUSS OF CONTAINMENT | CONTAINMENT | LORG TERM | conearument | CONTAINMENT
EAT OVERPRESSURE | OVERPRESSURE | MAXEUP WATER | ovrneressune PRESSURE
REMOVAL RF IEF RELICT TO REACTOR RELIEF BELOW ULTIMATE
PR I iTIATED CONTROLL-D PRIOR TO CLOSED FOLLOWING SEQUENCE
CONTAINMENT CONT. FAILURE YAPORIZATION CESIGNATOR
INITIATOR WODE 1 MODE 2 MODE 3 MODE 4 MODE 5
o
MODE 3
MODE 3/5
WP MODE 3/4
MODE 2
400 2/3
MODE 2/3/%
‘I" MODE 1%+
MODE 1/3
MODE 1/3/5

* Mode 2 is equivalent to Mode | in its impact on the containment,
** The assumption used in the LGS Risk Analysis is that containment failure leads to loss of
long tem coolant injection with a probability of one.

Bridge Event Tr >, Characteristic of the Three
Types of Events uiscussed in Section 3.4.

{same as Figure 3.4.13)

Figure 3.5.5

The quantification of the bridge tree requires the evaluation of
the systems involved in each function for the conditions which exist during
the demand on the containment and operator. In this analysis, four types

of demands are investigated: (1) Anticipated transients with scram but a
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Tabie 3.5.7

COMPARISON OF QUANTIFIED ODOMINANT SEQUENCES:
LIMERICK ANALYSIS'VS. WASE-1400

.'E‘MT; LOSS OF OFFSITE "OWER |

Initiation Coolamt Injectiom| Total (Precadiiity
Source ! (Per Tear) | we || per Reactor Year)
_
| WASH-1400 | wio™? 2x10° | a0’ _
Limerick 3 A " _6
n-.lym s.ax102 | 7.5x10 4.0x10 ;

*fo= loss of offsite power, main fesawater (Q) s unavatianle

and coglant in‘ection uareliadility 's dosinated Dy the common

link t0 the smergency power duses (1.2., diesel relfapility).
LOSS OF INVENTORY MAXTUP FOLLOWING |

| |
)"’"} nwsmn': LOSS OF FEEDMATER |

; } ﬂ ’m] Low Pres.
| initiation | P  |Injection |Injeczion
Sourca

_(M
i

Total (Probability
per Reactor Year)

IS, VINSR———

wskeo0| 0 || 20 3 2a107 sxi0”’
—————
' | (a10° (3x1076p
L | |
| Limerick | | _,{ 3 -+
| Analysis L |2 3407 | 2.1010 10

!

* Crom WASH-1400 Appendix | not located in summary tzbles of WASH-(4%0

LOSS OF SOISON INJECTION OR !

LOSS OF COOLANT [NJECTION

1
L anws |
' {

A scram Failure | ‘ [ rouar
Sou [nitiation | Total Wl Mitigation | (Propapility |
FC® | oer year) | “echanical | Electrical | (ger Oemand) | Systems Jer reactor
(per Jemana) (per Jemanc) ‘ year) !
; z . g
4ASH- 1400 1 I S ; - 1x10” w 1 0™
NUREG-0%. s | 5 | P S | oned | -5
Alternece JA B | 1.5x10 [ 1.5x10 x10 LI B 10
] |
| Limerick i & = = st SLCe.038 -4
Altermate JA 1.5 1.0x10 | 2.0x10 | 310 | 10 4PCle 37 10
Y —
| T4 | LOSS OF CONTAINMENT WEAT JEMOVAL |
S | Inttiator | " | ZO0R Total (Prodadilfity
Gurcd 1 ioer vear) | (ger Cemand) ‘per Jemand) ser eactor Year)
<A~ 1400 10 1x10°® NA w1078
Craerich 3 g .
Analysis 7.2 xi0 10 5.3x10

+ Thesa sumaries ire J0proximate representations, only for the jurpese of i1lystration,

and 30 not reflect cthe srecise values of the :ctual sequences anaiyzed in the

imerick analystis.
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failure to remove heat from containment: these are referred to as TW-
.ype sequences; (2) Cases involving a failure to scram along with a
failure of containment heat removal, referrad to as ATWS-W type se-
quenres;, (3) ATWS events for which there is a failure of the SLC coupled
with continued injection of cooling water to the reactor, until contain-
ment fails, followed by a failure of all coolant injection, referred to as
ATHS-C2 type sequences; and (4) ATWS events for which one leg of the re-
dundant SLC system fails, referred to as ATWS-CTz type sequences.

Table 3.5.8

SUMMARY OF THE CALCULATED REDUCTIONS IN THE FREQUENCY QOF A
RADIQACTIVE RELEASE OUE TO THE USE OF CONTAINMENT
OVERPRESSURE RELIEF (REFLECTED IN THE BRIDGE TREE)

FAILURE OF FAILURE OF FAILURE OF | puitt i amt o
I, JV . ) d " F
TIvE O SElvencs LIEF RMLILF 10 CLOSE | , et
w00E 3 (AFORIZATION
w00E 1, 2 MODE 3 | ¥ODE /3 e 1 * wO0E 3
.0ss of lontainment Seet emoval .3 b 3 " .3
T4) Figure 3.4.13 ) 10 2x1C 1x10 sxi0”* i
Failyre 20 Scram w/loss of I 2 .2 o2
% ATWS-«) (Figure 3.4.13 3.6 x 107 28* 3 5219 19
|
| Failure 20 Scram w/Loss of SLC .2 o1
ATWS-C,) (Figure 1.4.13 ) | .28* .3 3210 1{
Fatlure to Scram w/loss of | 50
and ! or 2 MR : 2 - .2
(ATWS-C,,) Figure 3.4.13) l 3.6 x IC .28* 3 $x10”° 10

* Loss of coolant make uo orodaptifty it tne comoination of the fallowing:
4. tvaluated =PCl failure oromant ity
5. [ncreased !ikelinood 3¢ sxcesii~g ‘"2 -ressure trip setooint o¥f 50 osig
(Actual) due t0 exceeding the C2h<i'nmeat Dressure design point
(ncreased likelirooa 3f the setogin’ i~ fRing ‘ow

“ode 1/] is the conditional orodabtiity of mode J wourring given that moce | (or mode ) has accurred.

+ Conditional fatlure orobadility of COR not reciosing given that coolant
nakeup 0 the core nas *ailed.
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COR Failure: The failure to maintain containment pressure below its

pressure capability, using only COR, has a different probability, depend-

ing on the type of accident sequence (see Appendix 8.4 for descrirtion of

COR). The success of the containment overpressure relief (COR) function

(Mode 1 or 2) is inversely related to the probability of high radiaticn

in containment following an accident initiator. Following an ATWS initia-

tor, there is a higher probability of some radiation being released to con-
tainment, while Tittle if any is expected to be released during a TW transient.

+ TW sequences: A Tow failure probability is calculated
since the accident sequence is relatively slow in occur-
ring. There is sufficient time for a well thought out
operitor response; and the probability of potential acci-
dent conditions complicating or defeating COR is minimal.

B ATWS-W sequences: A significantly higher failure probabi-
ity is assigned to COR for these sequences, due to the
higher probability of some radioactivity (fuei/clad gap orimarily)
reaching the containment drywell during the sequence.

. o  ATWS-Cy, Cyp sequences: Very little credit is assigned to COR
for thgse sequences because of the estimated high probabi-
1ity of obtaining some radiocactive releases to the contain-
ment and the relatively Tow capacity of the COR system.

Coolant I[nventory Makeup: As with COR, the type of sequence can have a
significant effect on the caiculated probability used in the bridge tree
for maintaining coolant irijection over a long period 3f time.

B TW sequence: For LGS, most of the sources of coolant
injection are available for use to maintain inventory.
Therefore, the probability of loss of makeup is cal-
culated to be relatively low.

- ATWS sequences: Since only HPCI is considered adequate
for coolant inventory makeup during an ATWS condition
with high internal containment pressure*, the failure
probability for these sequences is simply the HPCI un-
reliability (taking into account the containment ¢ 1-
ditions which would exist during COR operation). Jur-
ing COR operation, it is estimated that the HPCI unre-

‘ *Calculations indicate that RCIC alone is also adequate but
was not evaluated in this analysis.
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Table 3.5.9

EXAMPLE SUMMARY QF Tw* TYPE EVENT SEQUENCES WHICH ARE
PROCESSED THROUGH THE BRIDGE TREE, FIGURE 3.4.13,
TO DETERMINE THEIR SEQUENCE CLASSIFICATION

l i ACCLOENTT+H *EpucTIon FREQUENCY (PER REACTOR YEAR) '
| % . oN
| SEQUENCE |  ACCIDENT m&z:wnd PRY SR10GE CONTRISUTION TO EACH CLASS s
| TYPE | SEQUENCE  agACTOR YEAR) | TREE CLASS [ | CLASS IT | CLASS i1 | CLASS IV
§ | | | wegi1® 2 wo? - Lexi0™ s
l n | ot 6.6a10"% wO0E 1/3 (2 noj) -y |negligibie - -
i d WOOE 3 (L.9xl0” ) | L.3x10 - - -
! woe /4 (1 x10°%) - - - s.sm0° 1
! W0E | (2 x10°%) - 1.6x10° - -
! | e Laig™§ | "00€ 13 (2 mf) =, |eatigivie - -
' woE 3 (1.9x10°Y) | 3.4xi0” - - -
1 w0E /8 (1 «10°%) - - - 1axo
]
| WOOE | (2 x10°) - 210" - -
, TN Lsae™S | "00€ 13 (2 a0 ~  |negligibie| = -
! woe 3 (1.9m10™h) | Zemio™? - - -
‘ 7;3 -5 -10
, WOOE /4 (1 x10™%) - - - 1.8210
l wO0E | (2 uo’i; - 1.2x10"° - -
! -7 MOOE 1/3 (2 x107°) - negligible - -
{ [ ¢ §.5x10 .
f | ™ woe 1 (1.9xi0™Y) | 120 - - -
: > | w00E /4 (1 x10"%) - | - - js.suom?
{ o . '
[ | | OwoEl (2 «07%) - e | - | -
|t Laae® | 400 U3 2 0% ~ | negitgibie - -
. X woe 3 (1.axio™h) | temo? | = - | -
' > |
‘ | | w0 we(l 0| = | = | = | am0"|
==E==H===—_—-ﬁ==ﬂ=~a======-==
™ TOTAL ! 6.2!10.’ | 6.6110.7 ! - ' 3_:,19’;0 |

*t must de noted that the large LOCA event tree contains a postulatec ar=ident sequence, AJ, enich
involves the large LOCA inftiator couoled with the fatlure %o remove heet ‘ram contaimment. for
his sarticular case there is assumed "o De sufficient mdicactivity relessed ™3 the containment
itmosphere O cause the COR valves 0 de interiocked closed. The large and medium L.CA sequences
*hen contriduta directly %o Class [I and do not pass through the dridye tree.

romode 5 effects are contridution %3 Class [V but are negligidle relative %0 the mode J/4 evaluation.

“ode | includes the mode 2 (1.e. P-—mode ! + P--mode 2) failures since
thess have the same qualitative effect on coatainment and accident
sequences . -

The mode designators given in this table are the sequence designators
from Figure 1.5.5 anu are formed y the product of the event proacantlites
associated with the <equence de ignators. For example, tne
probability of sequences designated mode 1/3 is calculatad as

the product of the probabilities of (mode 1) x (mode 3 given

mode 1) x (not mode 5) sach of which is taken from Table 3.5.3;

the number of such sequences is then mulitipiied times this product

to determine the value shown in the above table.

= ne sccident secuence orobadilities iopearing in this example ctaple
are darived for sequences ‘nitiated idove 253 cower. The values
aooearing in Tables 3.5.4, 3.5.5, and 3.5, are the sum of transients
‘mitiated ‘rom 111 powers.
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Table 3.5.10

EXAMPLE SUMMARY TABLE OF ATWS-W TYPE EVENT SEQUENCES
4i4ICH ARE PROCESSED THROUGH THE BRIDGE TREE, (FIGURE 3.4.13),
TO DETERMINE THEIR SEQUENCE CLASSIFICATION

! N E— FREQUENCY (PER REACTOR YEAR) |
sEquENCE | accroow | o | ™ 4y CONTRIBUTION TG EACH CLASS
e | SEQUENCE | PROBARILITY | T CLASS [ | CLASS [T | “ASS (Il | CLASS (¥
f i | W00E 1+ (.08) - - - Liai0"?
e b | g it | WODE 1/3 (.03) | - - 8.1x10°10 ‘ - ‘
A o | .-.A- - " 3
| (30TH SuC | LA IR e B Ry e {
| puwps | | wooE /8 (1.3x107%) S I N F
| oPERATING)| ; ! , I !
| ] - . e -
'. i ‘ wOoE 1 ¢.04) - 5, - g |d0si0
' e | g.sa10°3 | ™00€ 13 (.03) - i - ot -
TGN | e 3 (21 - - 2.0n10 - .
' wO0E /4 (1.3x10°°) - e - 9.5x10
. | R
. | woo€ 1 (.08) - | - - oo
Te * 2 50073 | "€ 13 (.03) - K. 78107 -
ek ’ WOE 3 (.27) - | - | 2.0010 -
LI -2 -10
- wOE 3/4 (1.2x10°% - - l - 3.3x10
| . ; |
: a ‘ - W00E 1 (.04) [ = 1 = ] = e
| Ty Gy ) jege? | MO0€ 12 (.0%) - - Lwe” -
| e 4 wO0E 1 (.27) - | = 5.7x10 e
giCgki¥ | 2 | ' -1
' ' | | wooE Ve (L3079 | - } = - 9.0a0°%
, ‘ . 3 3
| ] | w00€ 1 (.04) | = - | = ’ ‘x.mo
} -3 | MOOE 1/3 (.03) - - | 1.3x10 -
l' :'. ‘- l
! I T I PP - - 111078 -
i. i | w00E 1/4 (1.210°%) i e T
; ATWS-# TOTAL : N/A ! N/A - ' - '4,‘!10" ig_},w"
i | 1 L

* Mode | includes the mode 2 ({.e. Pe-mode | ¢ P-—monde 2) “aflures since
these have the same qualitative effect on containment and accident
sequences.

*» The mode desigeators givea 'n this table arw the secuence designators
from Figure 1.5.5 and are formed Yy the oroduct of the event proabad!!ites
assoctated with the sequence designators. For example, the
probability of sequences designated mode (/] is calculated a
the product of he probabilities of (mode | )x{mode 1/3):(—?:"0 25
each of which fe taken from Tabls 1.5.8; the number of such
sequences s then multiplied times this product to determine the
value shown in the above table,

wee The iccident sequence orobabilities ippearing n th1s sxamnie tadie
are derived ’or ssquences initiated ibove 25% power. The v.lues
aopearing in Tables 3.5.4, 3.5.5, and 1.5.5 are the sum of transients
inftiated from all powers.
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Table 3.5.11

EXAMPLE SUMMARY TABLE OF ATWS-Cp EVENT SEQUENCES WHICH
ARE PROCESSED THROUGH THE BRIDGE TREE (FIGURE 3.4.13),
TO DETERMINE THEIR SEQUENCE CLASSIFICATION

FREQUENCY (PER FEACTOR YEAR) i

| i { |
v | AccigENTewe | REDUCTION™ . i |
| sewows | Accioee e THRY 3R1DRE | e s
L SEQUENCE | PROBABILITY TREE [T CLASS © | CLASS {1 | “LASS [II | CLASS [V
- : : :
2 l | | vooe 1= (2xi07h) cial ; - 2.20107
; i | . o0t 1/3 w.zno"; w T3 | ani0” =
| ] i - E E - - ! - 92107
ATuS-C, ' Ty Oy | 1.1210 WOOE 1/3/% (.8x10°°) | | x
‘L | | OOE 1 (NEGLIGIBLE) - | - | = -
AEASTTVITY | n , o it =5 BN y
SHUTOOM : : MODE 1/4 (NEGLIGIBLE) | | : j
| OMECJAN[SMS | ' o | ! - !
| sn | “O0E 1 (2x10°") S BT s |
: T Cf mio? wooe 1/3 (7.2x10"%) - - |z .
! ] wot w8 (a0h) | - - = jraae”? |
' | | i
' : ‘ % ' I 1.2x00"7
; | | MOOE L (2x107") - - | = o | l
| | X TN saio”? wooe 1,3 (7.2x10"") - - |e3a0 -
i | oot 1/3/8 (8x107%) - - | - 4.8a10°
| |
| -
| i , w00E | (2x10°") - - i -, |0 L
| o | 2.ma™ w0oe 1/3 (7.2x10°1) - - |0 - e
; | | woe /s (augd) - | = I = |ue
i { | ! ,
| ATUS-C, | TOTAL A ; WA i - i - f].xo’r él.leO.a

* “ode | includes the mode 2 (1.e. P-wmode | + P.emoce 2) failures since
these have the same qualitative effect on comtairment and accident
sequencas .

*» The mode Jesignators jiven in this table are the secuance fesignatoiy
from Figure 1.5.5 and are ‘ormed by the oroduct of the event proacadt!ites
associated with the sequence designators. For example, the
probability of sequences designated mode (/] is calculated as
the product of the probabilities of (mode !)x(mode 1/3)x(moce
each of which is taken from Table 3.5.3; the aumber of such
sequences s then myltiplied times this product to determine the
value shown in the above table,

e The 1ccident sequence probadilities iopearing n this exaspie tABIO
are derived for sequences ‘nitiated sdbove ISI cower. ™e values
aopearing in Tables 1.5.%, 3.3.5, and 3.5.5 are the sis of transients
imitiated from all cowers.

r ATVS-C, vents arw those ATHS events which ‘nclude tae fatlure of the SLC.

Table 3.5.12 completes ths series of tables used to display the
processing of accident sequences throught the bridge event tree. A separate
table is developed for the AT‘AS-C12 sequences. The numerical values used in
the quantification of the ATNS-C12 bridge event ftree ire the same as used in
the ATWS-W sequences (see Tab'e 3.5.3). As indicated by the total probability
of the sequences for Class [T and [V, this set of sequences makes a relatively
small contribution to the overall frequency.
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Table 3.5.12
EXAMPLE SUMMARY TABLE OF ATWS-Cjz* EVENT SEQUENCES WHICH
ARE PROCESSED THROUGH THE B3RIDGZ TREE, FIGURE 3.4.13
TO DETERMINE THEIR SEQUENCE CLASSIFICATION

- '3 2 FREQUENCY (PER REACTOR YEAR)
ACCIDENT REDUCTTON = A
ACCIOENT |  SEQUENCE | THRU BRIDGE CONTRIBUTION TO EACH CLASS
ThEE | cuass t1 | aass 1t

* (.04) j -
12 (.23) .ax16°10
3 (.27 .5x10"?

e (1.210°%) -

1 (.04)

/3 (.03)
3(.27)

4 (1.3x107%)

e
w0E
“00E
MODE
MOTE
MOOE
MO0E
“00E
MODE
| MODE
“ODE
“ODE
=00t
“O0E
“O00E
“ODE

w4 oo
2 R FaiL)

ITUS-C._Z events are those ATWS avents whicn include the failure of one SLC pumo.
“ode | ‘ncludes *he mode I (f.e, P.-mode | ¢+ P--mode 2) failures since

these "ave the same Jualitative effect on contatrment and accident

sequences.

“he mode designators givem in this Table are the sequence designators
from Figure 1.5.5 and are formed Sy the oroduct of *he event proadadild
sssociated with the sequence designators. For example, tne
probability of sequences designated mode 1/3 is calculated as
the product of the probabilities of (mode l)x(mode 1/3)x(mode 3
each of which is taken from Table 3.5.8; the number of such

wences s then muitiplied times this product to determine the
value shown in the sbove table,

"Se iccident seaquence orobadilities sopearing ‘n tnts masple tadle
ire derived ‘or sequences ‘nitiated ab ve 251 power. The values
aooearing in Tables 3.5.4, 3.5.5, and 1.5.6 are the sum of transients
nitiated rom all powers.




3.5.4 Quantification of the Containment Event Tree

The two containment event trees which describe the possible
paths of radicactive release from containment, aud the numerical values
used in the evaluation, are given in Figures 3.5.6a and b. The reason
for two separate sets of numerical values for the containment event tree
is that Class [V containment failures are assumed to be relatively rapid
overpressures for wnich containment leakage befaore rupture is much less
likely than for the relatively slow overpressure failures postulated for
Class [, II and III. A discussion of probapilities used for each of the
containment failures modes is provided below.

a -~ Steam Explosion (In-Vessel). Full scale testing of the potential
for coherent steam explosions when molten metal comes in intimate contact
with water has not been performed. I[n an attempt tu identify a probabi-
lity for a coherent steam explosion inside the reactor ve:rsel of suffi-

’ cient energy to fail containment, the following evaluations were considered:

P Fauske Associates provided an analysis of the Limerick
desisn to determine if the required conditions exist for
a conerent steam explosion in the reactor vessel which
would have sufficient energy to overpressurize contain-
ment. Their conclusion was that the coherent sta2am ex-
plosion appears to be impossible (see Appendix H).

[ Sandia Laboratories has performed analysis and small
scale experiments with molten metal/water. Sandia has
stated that steam explosions could occur in PWRs but
probably of insufficient energy to overpressurize PWR
containment. A similar ztatement was made for BWRs*.
The WASH-1400 value (107¢) with a reduction factor of
10 results in a value of 1077 per demand, which was
used in this anmalys‘s.

. The NRC**, in rebaselining the 3WR, has used the following
values to estimate the propability of an in-vessel steam
explosion which would overpressurize containment:

*Parsonal communication, Corradini (Sandia) to Burns and Parkinson (SAIL).
. **Darsonal communication between NRC (Taylor) and SAI (Burmns).
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For LCCA events, a value of :0™° was used, as
in WASH-1400

- ; i & -4

For non-LOCA events, a value of 10 ~ was used
since a steam explosion at high pressure is
ccneidered to have dan extremely low probability.

The above evaluations were used to arrive at an estimate of a to be
1077 per demand for a coharent in-vessel steam explosion which over-

pressurizes containment (given a core melt).

3 -- Steam Explosion in Containment. Containment st2am explosions are

less well understood than in-vessel steam explosions. However, they are
generally considered to be low orobability events. Fauske Associates
included consideration of this event in their analysis (Appendix H).

Uy u' == Hydrogen Burn or Explosion in Containment. For the inerted Limerick

containment, the possibility of a hydrogen detonation or hurn appears
quite remote; however, according to the tentative technical specification
there may be short periods of time when the plant is operating at power
and the containment is not fully inerted. This is anticipated ¢o occur
following reactor startups and prior to shutdowns. B8ased on past PECo
experience and projected Limerick operating procedures. the proba. ity

of a hydrogen burn or detonation is considered to be 0.01. Relative to
this 0.01 probability of not being inerted at power, if a core melt occurs
during this time, then the probability of a burm or detonation sufficient
to cause direct overpressure release, with a significant increase in the
radivactive release fraction (i.e., comparable to a containment steam ex-
Jlosiog} is no larger than 0.1*, This leads to a probability on the order

1

of 1077 for the u' failure mode. However, the probability of some H, burn

(u) remains at ~0.01. This may Tead to a drywell overpressure release and

1

is included in the v' containment failure mode.

*Any reduction of the hydrogen concer | of the hydrogen
recombiners was not assumed due to the | amounts of hydrogen relsased
during a core melt and the relatively small capacity of the recombiners.




3 -- Containment Leakage. Bechtel has performed a detailed containment

analysis to define possible areas where containment may fail in the case
of overpressure (see Appendix J). In addition, some effort was expended

tc identify potential areas where leakage before rupture wculd occur. Two
items are noied:

1. Bechtel was unable to identify any specific areas where
leakage would occur before rupture. Contairment isolation
valves are designed for much lower pressure, but have an
axpected capability much higher than design.

2. Containment leak rate testing has found that there is some
" degree of containment leakage at containment pressures below
design pressure.

From *he above consideratiors, it appears equally as likely for noticeahle
containment leakage to occur as not. Therafore, a value of 0.5 was used
for this probability for Class I, II, and III. For Class IV, a much Tower
value (4x10'4) was used for the probability of leak before rupture.

Y o= Contaiﬁment Overpressure (No Leakage). Given that no containment leakage
accurs, the possibility of containment overpressure without failure following
a core melt is considered to be possible even though ultimate pressure is ex-
ceeded. Bechtel calculated the ultimate containment pressure capability to be
140 psig (approximately three times design pressure). For those core melt
sequences where no leakage occurs, 140 psig is reached with a high probability
(0.399) unless COR is initiated.

v'/v* -- Containment Overpressure (split between wetwell and drywell failure).
Failure of containment due to overpressure has been divided into two types
because of the potential difference in radiocactive release terms. Failure in
the drywell leads to direct release to the stack while a failure in the wet-
well causes a release through the suppression pool. At present, evidence
indicates failure at very high containment pressure may occur with a2qual like-
1ihood in the wetwell or dryweil. Therefore, v'/y = .5.

v" -= Wetwell Failure. The probability of a failure of containment which
results in the loss of water in the suporession pool is evaiuated based upon

*'/y means y' given vy.
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the Bechtel analysis which indicates that the points of highest stress in
the etwell are near the nominal waterline in the suppression nool. It
is assumed that the probability of a failure large enough* to drain the
pool below the downcomers is approximately 10% of the probability that
the failure will occur in the wetwell. Therefore, the probability of v"
used in the Limerick is 0.025 for Class I, II, and III, and 0.05 for
Class IV.

z/8 == Large Leak. If a leak in contaimment does occur prior to failure,
then the questicn arises as to the size of the leak. 7 is the probability
that the leax is greater than an equivalent 6" diameter hole in the drywell.
This size hole is insufficient to fail the stack blowout panels, but does
lead to overloading of the standby gas treatment system. The state of know-
ledge of the size of the pos-ulated leaks is such that it leads to an
estimate of equal freguency 7 occurrence for both postulated leak size.
(z/6 = 0.5).

g -=- Standby G:;_ir-.tment. The probability of standby gas treatment operating
effectively in m1i:gating a radioactive release depends upon the size of the
leak. For overpressure failures, the SGTS is assumed to be bypassed and the
radioactive source escapes directly to the stack through the blowout panels.
However, the SG13 is assumed effective to varying degrees for smail and large
Teaks.

The containment failure modes developed in the Limerick probabilistic
Rick Assessment yse th» same failure probabilicies for the first three
Classes of accident types. While this is a simplification, the uncertainty
in containment failure probability is much lar 2r than the potential varia-
bility associated with these three types of accident sequence.

*Tither a failure below the elevation of the bottom of the downcomers or a
nontainment wetwell failure which propagates to below the bottom elevation
cf the downcomers.
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With the containment failure modes defined and quantified,
the next st2p is to combine the dominant accident sequences under each
faiiure mode. As noted previousiy, there are four types of sequences
considered for each containment failure mode.

3.5.5 Quantification of Accident Sequences by Containment Failure Mode

This section summarizes the information in the previous section
and puts it into the format to be used in the ex-plant consequence calcu-
lation. [t should be noted that WASH-1400 used five BWR release categories.
Each category corresponded approximazaly to a containment failure mode, and
all types of accident sequences were lumped together in these categories.
For the Limerick analysis, there are seven distinct containment failure modes
considered, and four classes of accident sequences. This leads to potentially
twei y-eight separate ex-plant consequence calculations, compared with the
five performed in WASH-1400.

Table 3.5.13 summarizes each of the containment failure modes and
provides, in capsule form, the information to be used in 2--essing the radic-
active release fractions in Section 3.6, which in turn are input to the ex-
plant consequence code, CRAC. In particular, in Table 3.5.13, the four (4)
separate generic accident sequence classes, which are evaluated separately
in terms of these containment failure modes, are cited.

Table 3.5.14 gives a summary of the probabilities associated with
each containment failure mode leak path, and each of the accident classes.
This table provides the accident sequence probability which is input to
the ex-plant consequence calculation. The radicactive source term fur each
of these sequences is calculated in Section 3.5.
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Table 3.5.13
RELEASE TERM CALCULATIONS REQUIREMENTS'2)

i

CONTAINMENT FAILURE “ODES

RADICACTIVE RELEASE FRACTIONS

] i | 1
et 1 gnator| Jescription Class 1 (C2) |Class 11 (CO)ETass 111 (C3)|Class v (c)|
M Steam explosion in vessel | Mote f Note ¢ Yote ¢ Note ¢ |
] 1

3 Steam explosion in containment , Yote ¢ ‘ote * Note f Note * |
'y M2 explosion ‘nduced containment | !
failure i Note ¢ Note ¢ Vote e Nots ¢ |

" |H2 daflagration suff‘cient %o { |
Cause comtainment overpressure | r
failurs Note O Note b “ute Note g !

|

§ fm sure small leaks l
(Age.08 ftd) | 1 1 X Note n |

Y Overpressurs failure (5-2 2 #ed) | I
~ |Release througn crrn 1 1 . ote g |

T |Overpressure fa'lure(A,+2.0 ftz) l
Reiease through wetwel! Sreak Nate » Note ‘iote & Note n |

|

¥ Overpressure failure(dge2.0 £t°) !
wetwell pool drained x X t Note h ;

£ Ovmwsv large leak |
(Ag = .2 f2¢) X X X Note n {

& Overpressure, hn! Teax, SGTS !
{fatlure (A, = .2 ft€) Note ¢ Note ¢ Yote ¢ Note ¢ !

‘e Overoressure, small leak, SGTS {
failure (A = .08 “2d) Note 4 Yote 4 ‘ote ¢ tote 4 ;

|

'”M “X* undar the heading ‘naicates that a calculation of release fraction must be sade for the

particular accident involving a 3WR/4 with 3 Marx [] containment; «i] Jther case< can 2ither

"'CM be extrapolated from ' release by assuming a different decontamination factor for room
The principal diffarence etween Y and ¢' s that the * release occurs with
much cf the relesse sassing througn *he suppression pool.

deposition.

of the release occurring througn the drywell.

()can be extragolated from squivalent ; case by not using cecontamination ‘actor ‘or SGTS (affects

only portion of release Tow)

“’Cu be extrapolated from ecuivalent I case by not using decontamimation factor for SGTS (affects

all of release flow)

(o)

5@ extripolated from the set of calculations or can be extracted 41 -ectly Trom sAsA-1400.

The Y' release occurs with mucn

w11 re assumed 0 De equivaient %0 2 3 “ailure and same release fraction will de usdd.

"
"‘hlnu fractions will De extracted directly from WASH-1400 since the ohenomenoiogical nature

of the accident does not change

3)elease fractions similar to those developed by the SRC using MarcheCorral are used in zhe

characterization of Class [V ~agicactive release fractions “or v,

"icxtrapolated from the Class [, (I,

3-

[Il resuits.
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Table 3.5.14

SUMMARY -~ GENERIC ACCIDENT SEQUENCE/RELEASE
PATH COMBINATIONS

- 4 Y Rl ‘T
| CONTATYENT CLASS | CLASS T | CLASS Il | CLASS I1I | CLASS 1V
FATLURE MODE ~ | | !
e, e B e S S
f : onaae” | oseaot? | a0 | o1l |
H . ]
! | 2.6x107 ”xU‘J’ x10”? i Lvdo*of
| | . . { i
l | 3.4x107° 1077 l J.6x10° {' 6.7x10°8 |
i v | 2.9x107 | Lo’ | 3o’ | 5.9x1078 f
| " - - -8 | !
| ! 3201077 ; 1.5%10°% ! 10 | 6.7x10"? f
! i |
7€, 8 | a.0n0°® | sox0® | paa0? | 270 |
- ] @ { >
| b J 3.400°% | 19x077 | s.9x077 | 2.6001 {
gy e A e e e o
JOTAL PROBABILITY RY CLASS | 1.3x107° | 5.8410” | 14x00°° | j.3x1077 |
{ | sl 10 sestand SRINIG L

Figure 3.5.7 indicates that the highest probability scenarios are
those involving a coupling of core melt accident sequences with postulated
containment overpressure failures. The in-vessel steam explosion and con-
tainment steam explosion scenarios both have significantly lower probability
than the others. However, the consequences for these scenarios tend to be
larger than for overpressure failures. The postulated leaks are of relatively

high probability, but they have smaller consequences than the containment
overpressure failures.

R -

=

CONTAINMENT FAILURE MODES

PROBABILITY OF RADIOACTIVE RELEASE GIVEN CORE MELT

Figure 3 .7 Probability of a Radioactive Release Given a Severe Degradation
01 Core Integrity -- Presented by Containment Faiiure Mode for
A1l Classes.
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RADIOACTIVE RELEASE FRACTIONS ASSOCIATED WITH DOMINANT
ACCIDENT SEQUENCES

This section describes the radionuclide release fractions for
the dominant accicent sequences as used in the Limerick analysis. The
re’sase fraictions of the key radionuc!ids iso.opes are a portion of the
input to the CRAC code (see Appendix £ and Section 3.7).

"he radionuclide release fractions are determined fur each of
the Mark [I containment failure modes from the coupled calculations of
INCOR and CORK. ' and from assumptions considered in WASH-1400. INCOR
(see Appendix C) calculates the thermodynamic conditions in the reactor
system and inside containment plus the leak rates between containment
compartme:ts during postulated core melt scenarios. (Sea Figure 3.6.1)
CORRAL (see Appendix D) takes these results and calculates the fission
product removal rates as a function of time to determine the fission
roduct concentration in each compartment. The final results from
CORRAL are che cumulative radionuclide releases from containnent to the

atmosphere “or each of the fission product species.

[ncluded in this section are the following brief summaries of

inalyses for calculation of CRAC input:

seneral radionuclide release dizcussion (Section 3.6.1)
Summary of containment conditions (Sec*ion 3.6.2)
Summary of radionuclide release fractions by failure

mode (Section 3.5.3).

Ceneral Radisnuclide Release Discussion

The amount of radioactivity released after an accident sequence
is calculated by using the CORRAL computer code*. The boundary conditions
for CORRAL are set by INCOR. CORRAL is used to trace the movement of
radionuclides from their sources, through various nuclide removal steps,

ind ultimately to their release into the environment. The release fractions

*SAI-REACT was aiso used to verify the CORRAL results.
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Figure 3.6.1 Schematic of the Limerick Containment
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of the various radioactive isotope groups are then input into the CRAC
program to calculate the offsite effects (see Section 2.7 and Appendix E).

Upon initiation of core melt, radionuclides will be released
by all the potential physical m=zhanisms, 5Sut for the purposes of model-
ing and discussion it is useful to talk of four separate time phases of
release. The “our major ‘adionuclide release phases considered in the
CORRAL model are:

Gap: The nuclides are releaszd as a result of the fuel rods
breaking. This is the first release to occur in the accident.
The radionuclides are passei to the containment via the safety
relief valves or a reactor system leak or rupture.

Melt: This release occurs after the core has been uncovered
and it begins to melt. Fission products are then released
for one to two hours. At 80% core melt, the core is assumed
to slump to the bottom of the vessel and begin to attack the
lower head.

Vaporization: This release occurs after the RPV fails in the
bottom nead due to the attack by the molten core. The cor2
remnants then fall to the diaphragm floor and interact with
the concrete releasing nuc! des to the drywell atmospnere.
The release continues for several hours and dec-eases expo-
nentially with time.

Oxidation: Particulate nuclides are released into the wetwell
vapor region from molten core falling through the downcomers
into the suppression pool and causing small scale steam explo-
sions. This release is 2lmost instantaneous.

The radionuclides emitted from the above releases are divided
into seven species and further classified into one of three types because
of their chemical properties. The saven species of nuclides, and their
appropriate classifications, that are considered in the Limerick PRA analysis
are chosen %o parallel r.ose chosen in WASH-1400 and are the following:
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SPECIES f TYPE
Noble Gazes gas i
lodine (elemental, organic) vapor

i Cesium=-Rubidium particulate

; Tellurium particulate
3arium-Strontium particulate
Ruthenium particulate
Lanthanum l particulate
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