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ABSTRACT

This report assesses the postulated accident sequences which could occur durirg
Shoreham plart operation at low power. The bases for the evaluation are the
plant analysis and logic models developed in the Shorehar Probabilistic Riss
Assessment, As a measure of public safety, the core vulnerable frequerzy
associated with start.yp testing at Shoreharm when the power level is restrictec
to 2 maximum of §° of fy1 power is calculated. For this calculatior, severa)
charces are made to the plart configuration to reflect the plart as it is, cr
perceived to be, during the start-up test phase. These changes inclyce:

2! Ar assumption of no Crecit for the installeg diese! gemerators;

The incorporation of increased AC power System reliability due to she
eveilability of a 20 mw on-site gas turbine with black start
capability and the adeition of mobile diese! generators ¢ be
Connected direct'y to the normal station busses;

(a8 ]

3)  The incorparation cf a detailed procedure far implementing a backus
energency core cooling mode not dependent on AC power in the lorg
term,

One principal focus of the evaluation is on the l1oss 0¢ offsite power (LOSF)
initiated accigers sequences, based on the Judgement tha: these sequences cou'a
be the most important given the assumed start-up configuration, Hov.over, all
the identifiec accident sequences from the Shoreham PRA are reexamined to 2ssess
the tota! impact of low PoOwer operation. In addition, the requantification is
compared with the original Shoreram PRA so that the "risk" associates witr
start-yp testing can be compared on a relative basis with that for normal plane
operation,

The conclusion of the analysis is that the core vulnerable frequercy ‘or low
Power operation is mych less than that quantified for fyul Power operation, ever
when quantified conservatively (i.e,, taking no credit for installed ciese!
generator reliability and assuming extended steady state operation at §: pewer ',
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LIST OF ABBREVIATIONS AND ACRONYMS

AC Alternating Current
ADS Automatic Depressurization System
APRM Average Power Range Monitor
ASLB Atomic Safety and Licensing Board
ATWS Anticipated Transient(s) Without: Scrar
Bwr Boiling Water Reactor
CET Contairment Event Tree
CCOF Complementary Cumulative Distributior Functior
CHF Critical Heat Flyx
CRD Control Rod Drive
cs Core Spray
CsT Condensate Storage Tank

Demand
DA Design Basis Accident
eC Direct Current
OF Decontamination Factor |
e Diesel Generator
ECCS Emergency Core Cooling Systems ;
ExC Electro Hydraylic Cortrol
EPRI Electric Power Research Institute ‘
EPS Electric Power Safequard
ESF Engineered Safety Feature
ESw Emergency Service Water
ET/FT2 Event Tree/Fault Tree Analysis
FSAR Final Safety Analysis Report i
FTA Fault Tree Analysis |
FT/ETA Fault Tree/Event Tree Analysis |
Fw Feedwater ‘
GE General Electric Company
HCU . Hydraulic Control Unit
HPCI High Pressure Coolant Injection
HVAL Heating Ventilating and Air Conditioning
KX Heat Exchanger
IBv Inboard Isolation valve

ol
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LIST OF ABBREVIATIONS AND ACRONYMS (Cont.)

Instrumentation and Contro)
Institute of Electrical and Electronic Engineers
Inadvertent Open Relief valve

Interim Reliabi!ity Evaluation Porgrar
Intermediate Range Moritor

Limiting Condition For Operation
Licersee Event Report

Long Island Lighting Company

Leve! Indicating Switch

Less of Coolant Accidert

Loss of Offsite Power

Low:Pressyre

Low Pressyre Coolant Injectior (a Mode cf Reg’
Low Fressure Core Spray (or Core Spray)
Local Power Rarge Monitor

Meltdowr Accident Response Characteristics
Motor Control Center

Mirimum Critical Power Ratip

Mctor Operatec valve

Main Steam Isolation Valves

Mean Time To Repair

Nuclear Regulatory Comrission

Normal Station Service

Nuclear Steam Supply System

Outboard Isolation Valve

Power Conversion System

Piping and Instrumentation Orawing
Probabilistic Risk Assessment

Power Range Monitor

Pressure Relief System

Reactor Core Isolation Cooling

Reactor Coolant Pressure Boundary
Residua) Heat Remova)

Reactor Pressure Vesse!
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RPT
RSS
RWCL
SAR
SOV
SF
SFSP
SGTS
STA
SJAE
SLC
SAFS
SORV
SP
SPZ
SRM™
SRy
$SE
SVERM
Sh
SKS

TBCLCw
TCv

TC

TIP
UKS

UPsS
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LIST OF ABBREVIATIONS AND ACRONYMS (Cont. )

Recirculation Pump Trip
Reactor Safety Study

Reactor Water Clean-up

Safety Analysis Report

Scram Discharge Volume
Shielding Factor

Spent Fuel Storage Pool
Standby Gas Treatment System
Service and Instrument Air Syster
Steam Jet Air Injector

Standby Liquid Control
Shoreham Nuclear Power Statior
Stuck Oper Relief Valve
Suppression Pool

Suppression Poo! Cocling
Source Rarge Monitor

Safety Relief Valve

Safe Shutdown Earthquake

Station Ventilation Exhaust Radiatior Moritoring

Service Water
Service Water System

Turbine Building Closed Loop Cocling Water Syster

Turbine Control valve

Turbine Generator

Traversing In-Core Probe
Ultimate Heat Sink
Uninterruptiable Power Supply
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1.0 INTRODUCTION

The Shorehar Nuclear Power Station may pose a smal) incremental risk to the
public. The Shorehar Probabilistic Risk Assessment [1-1] performed for LILCP
calculated thic risk (i.e., the product of probability and pctentia’
consequences' in a manner consistent with the current state of the techho7cg§.
The results indicate that the core melt frequency and the risk measures of tne
propesed safety goals are met., The PRA was performed assuming plant operation
in the normal power mode, i.e., approximately 1002 full power. The purpose o<
this report is to Quantify one of the key parameters derived in the PRA-tre
frequercy of core vulnerable concitions-associated with plant operation at or
below 5° of full power. Other risk parameters, e.g., source ter~
Characteristics, will also be Ciscussed to provide acdcitional qualitative
informaticr and scaling factors tp assess the relative risk of the low power
cperation,

The principal impacs of this evaluation should be in the form of .
reascrableness test on the relative plant risk associated with operation o +he
plart during stars-yp testing versus norral mature plant operation. There are
Betr positive an¢ negative e<fects which may influence the relative risk
associatec with low power operation. These effects are factored inte thisg
assessment. The results of the probabilistic logic mode! quantification are one
input irto the cecision-making process. However, the principal test which the
results are intendec to provide the decision maker is the reasonableress of low
Power operatior. Specifically, an evaluation of the relative risk contribytior
can provide insights as to whether Tow power start-yp testirg represents 3
dispropertionate contribution to risk.

1.1 SCOPE

As stated above, the objective of this report is to quantify the probadbilistic
models -of the Shoreham plant in order to assess the frequency of core vulreradle
conditions when operating at 5° of full power. This quantification is based
upon the PRA logic models and uses many of the ground rules establishec there,
The analysis given here is directly consistent with *he PRA quantification and
therefore affords a reasonable relative "risk" comparison between full power

.
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a8 mature plant at 1002 power:

0 The Tower initial power level and lower decay heat levels reduce the
rate of coolant inventory loss and the heatup of containment, theredy
increasing the time available for operator action.

0 The reduced requirements for coolant makeup and containment hez+
removal allow greater flexibility in mitigating accidents, changing
the plant system success criteria (e.g., the viability of CRD flow ac

a8 successful coolant injection path for non-ATWS non-LOCA scenarios).

0 In the urlikely possibility of a core vulnerable condition there is ar
increased time available for emergency response.

In addition, the following positive considerations have been factored into the
evaluatior cf low power operation at Shoreham:

0 Respense capability of on-site portable generators with specia!
connections to the norma) power buses,

0 Response capabil ty of on-site blackstart gas turbdbine.

0 Potential administrative controls which require shutdown in the face
of severe weather, €.9., high winds, hurricane, tornado watch, etc.

0 Increased time available ‘or preservation of containment integrity,

0 Reduction in radionuclide core inventory due to the early in life
conditions of the fuel,

-

Negative effects associated with the start-up operations and the 5:

power
lTimitation include:

JRH]
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0 The initial period of plant operation tends to exhibit a substantially
higher transient challenge frequency and a higher system unreliability
than a mature plant,

0 The testing phase of the plant power ascension may introduce ever
higher transient frequencies,

Power shapes, and control rod withdrawal incidents. This has been
explicitly adcressed in the modeling of transient phenormen: presentec
in Appendix B,

1.2 LIMITATIONS

A key point to corsider 1s that the Shoreham PRA does not include analysis of
external ever:s. One reason for not yet considering external events is the
large uncertainty associated with the external event evaluation compared to
other accidert scenarios associated with full power operation. Nevertheless,
exterral everts may contribute to the potential risk associated with low power
operation’, By recogrizing this Timitation, the Quantified Shorehar PRA car be
effectively used in a risk based discussion or low POwer operation. The PRA is
a veluadle tool to be used 1in setting priorities and as one input to the
decisior-making process.

1.3 DESCRIPTION CF LOW POWER OPERATION

The overal) objective of low power operatior at Shoreham is to gain operating
experience. This applies to both LILCO personnel and plant systems, As such,
plant safety Systems, and alternate plant systems that may play a significant
safety role for accident mitigation during sequences initiated at low power,
Mmany aspects of low power operation are sfgnificantly different from operation
of a mature plant at 1003 power. The purpose of this discussion is to outline

‘Effects of external events are anticipated to be small based upon commitments
made by LILCO regarding 1imiting conditions of operation [1-2].

9.
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these operational differences and to define the plant configuration that g
assumed in this analysis, This includes the operation of normal plant systems,

1.3.1 General Plant Configuration

Plant operation at a maximum of 5% power is assumec to involve one leg nf the
feedwater/condensate system for RPV leve! control, stear flow througt all four
main stear lines, and bypass steam flow directly to the main condenser, PReactor
recirculation flow will pe conrtrolled by having both recirculation pumps ir
operatior,

A1l safety systems used for scram, RPV pressure control, RPY coolant injectior,
and containmert control are assumed to be available within the technica’
specification limits that apply to full power operation. Safety systems tha+
perform support functions are also assumed to be available accordirc 1o
technical specificatiors, with special consideration in one case: on-gite
erergency electric power systems. This analysis provides estimates of svster
availability assuming the installed emergency diesel generators are uravailable,
which means that essential'y no credit is taken for the installec diege!
generators,

Emercency power supply restoration capability following loss of off-site power
will be augmented by the presence of an on-site 20 MW gas turbine with aute-
start (blackstart) capability, and the presence of mobile generator units whick
can be comnected to the plant side of the RSS transformer, both of which are
included explicitly in this assessment. Low power operation cffers the safety
advantage of reduced decay heat levels following a scram, Ficure 1,3-1 provides
simplified schematic of the range of operation under consideration, i.e., fror
approximately 1% to 5% of full power. Deterministic calculations form the basis
for assuming that several additional plant contingencies (mary of which were
considered for completeness, but given very little credit in the containment
event trees of the PRA) may be available in emergencies. Two methods for RO,
injection which are Judged viable alternatives for Some accidents associates
with Tow power operation include: (1) the CRD hydraylic system pumps (ore of
which is in continuous operation), is found adequate due to the reducec coolant
makeup requirements; and, (2) fire water injection through a spoolpiece

JRH]




connection to the ultimate core cooling connection has increased probabilit; E};
success due to the extended times availadble for implementation. Botk
alternatives are results of the Tower decay heat levels associated with power
operation at less than 5¢ power,

1.3.2 Specific Aspects of Low Power Operation

There are many additiona) factors involved in the safety evaluatior o¢ operatinnm
at or below & power. The following considerations have beer included ir the
analysis: [1.2)

0 LILCC wilY implement administrative controls which require shyutdowr ir
the face of severe weather (e.e., high winds, hurricare, torrae-
watch, etc.) .

This will have a favorable impact on the evaluation cf offsite pcwer
reliability, allowing failures due to severe weather to be elirinates
from the cata base.

0 The time aveilable for effective operator actior to restore or renzir
equipmert (e.a., restoration of offsite power) is incressed due to the
Tower reactor power,

This is primarily found to have a favorabie impacs on the evalyss zr
of AC power system reliability since the additiona’ time availadle 2
the operator increases the probability of successfu! actions.

0 The time available for preservation of containment integrity s
increased.

This has a dramatic impact on accident sequences involving challenges
to containment or containment-related systems interactions phenomera
(e.g., HPCI/RCIC failure due to high Tube oil temperature). For thre
most part, this impact is reflected in the revised success criteria,

e

olle
JRH1

s —— —

-



Early in life (referred to as  "wear-in") failyres (including
initiating events and/or

equipment failures) have been
operating experience to be more Tikely than for operation of
plant,

shown by

a mature

This is reflected in the analysis through increases in estimates of

System ynavailabilities and initiating evens frequencies.

-~

1.4 SUCCESS ZRITERIA

In this report, best estimate calculations of core vulnerable frequency are made
assumirg that the equilibrium power level s approximately 5. An estimate of
the sensitivity of core vulnerable frecuency to this assumption is alsc derived
based on an ecuilibriur power leve] value of 2.5° as discussed in Appendix E.

The svster success criteria for
Shorehar PRA with the exception tha

low power operation are derived fror the

t there are additional success paths which dr
net exist for cases in which the plant operates at high power,
1-2 provide the system success crit

similar to the Shoreham PRA.

Tables 1-1 arg
eria for low power operatior in a forma-

“he principa!

examples of the additional syster success s

tates for low power
operation are as follows:

|
For transients with no SORYs, flow from the CRD Purps, the diese! fire

pump or any of the service water pumps would provide adequate coc'ane
injection,

0 For SORV or medium LOCA cases, no

additional depressurization Systers ‘
are required to allow low

pressure systems to inject.

0. For ATWS concitions, RCIC plus CRD flow would provide adequate coolart
injection for powers in the range of 2,5%,



1.5 REPORT ORGANIZATION

Section 2.0 of this report provides a summary discussion of the Shoreham pRA
accident sequence analysis. This includes a review of the dominant contributors
to the frequency of core vulnerable conditions. The sequences defined ir
Section 2.0 'are reviewed in Section 3.0 to assess their impact for operatior 2+
5% power, For convenience, four categories of sequences are discussed: Loss of
offsite power induced transients, LOCAs, other transients, and ATWS sequences,
Sections 4.0 and 5.0 provide a summary of the Tow power operation sequerce
Quartificatior results and conclusions of the analysis, respectively,

oi3e
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SUMMARY OF SUCCE
SYSTEMS TABULATED AS

TABLE 1.1

SS CRITERIA FOR THE MITIGATING e
A FUNCTION OF ACCIDENT INITIATORS

ACCIDENT INITIATOR

SUCCESS CRITERIA

COOLANT INJECTION

CONTAINMENT HEAT REMOVAL

Large LOCA: 2 1 of 4 LPCI Pumps 1 RHR
Stear Break 0.08 5 Or
Liquid Break 0.1 ft 1l of ZOCore Spray Pumps
r
Diese! Fire Pump
Or
1 of 4 Service
Water Pumps
—
Mediur LOCA: Same as Large 1 RKR ;
Steam Break > LOCA
0.016 to C.08 ft
Ligquid Break: o
0.0C4 to 0.1 f¢°
Small LOCA: 2 CRD Normal Heat Rermoval
Steam Break 0.018 ftz Or Or
Liquid Break (,004 ft HPC! 1 RHR
Or Or
RCIC RCIC ir
Or St. Cond.
1 Feedsater Pump Mode
r
ADS* and
1 of 2 CS Pumps
Or
1 of 4 LPC! Pumps
Or
1 Condensate Pump
Or
Diesel Fire Pump
Or
1 of 4 Service
Water Pumps l
Transient Same as Small LOCA Same as Small LOCA |
10RY Same as Large LOCA Same as Large LOCA |
Transient + SORY Same as Large LOCA Same as Large LOCA !

-
ADS refers to any mode

JRh1
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TABLE 1-2

SUCCESS CRITERIA FOR ATWS SEQUENCES

BASED ON MODIFICATIONS IMPLEMENTED AT SHOREHAM

EFFECT OF POTENTIAL ADDITIONAL FAILURES (in Addition to AR] Failure)(")
REDUCED COOL ANT REDUCED SUPPRESSTON OTHER ATWS
INJECTION POOL COM ING FEATURES

TRANSITENT REDUCED OR LS ol i (e A PRESSURE
INITIATING LATE POISON FW & BOTH REL TEF ADS
VENT PROJECTION FW nec | 1 RHR RHRs RPT INITIATED

IV CLOSURE A A A N - N N A A
TuRB INE (P 1rip 4 5 A ; N N A A
10RY A A A N N N A A

0S OF OFFSITE
POWER A A N N N N A A
0SS OF FEFDWATER A A A A N N A A
OST OF CONDENSER A A A N N N A A
A = Acceptable (Successful): acceptable implies no significant fuel damage and suppression pool temperatures

less than 240°F

N = Not Acceptable (Not Successful)

(a) - Combinations of failures not shown on the above table as acceptable should be considered unacceptable
These success criteria can be used to evaluate the successful states of the plant following an ATWS from
less 252 power. Note that RPT is not required for sequences from 259 power or less. y

(bh) = A1l changes in recirculation flow outside of acceptable limits are treated as leading to a turhine trip

as are all increasing feedwater flow transients

ARM - 16-
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2.0 PRA SUMMARY

The purpose of this section is to briefly summarize the quantitative results ¢+
the PRA which can then be used for reference throughout the remainder of this
report. Many of the technical appendices of the Shoreham PRA provide
information used for the ouantification of the probabilistic models. Except for
the differences explicitly described in this analysis, essentially all of the
input data are the same; thus forming the basis of this comparative analysis,

2.1 ACCIDENT CLASSES

Because th= PRZ is intended to provide a quantitative measurement of risk tc the
putlic, severz! factors which influence the risk calculations other thar the
frequency of releases are considered. For this reason, five accident classes
are chosen which are intended to represent the spectrum of accidents fror
(relatively) high frequency/Tow consequence events to low freguency/righ

consequence events., These accidert classes are defined as follows:
Couyon () pcs DESCRIPTION
Saann il Leh

Inadequate Coolant Inventory Makeup
Inadequacze Decay Heat Removal

LOCA With Inadequate Coclant Inventory Makeup
v ATWS with Inadequate Containmert Heat Rerc,a!

b v Interfacing LOCA

4k

R second aspect of the analysis is the evaluation of various initiating events.
The PRA attempts to quantify the different impacts on plant response urcer a
variety of initial conditions, ranging from the more common types of anticipated
transients to very low frequency initiators. Together, these two aspects of the
probabilistic ana!ysis-initiatirg events and accident classes-are summarized ir
Table 2-1.

-18-
JRH]



TABLE 2-1
SUMMARY OF THE DOMINANT ACCIDENT SEQUENCE FREQUENCIES
WHICH LEAD TO CORE VULNERABLE STATES (PER REACTOR YEAR) BY INITIATOR AND CLASS

CLASS CLASS CLASS
EVERT IMITIATOR CLASS I 11 111
Transients:
Turbine Trip 2.5E-6 1.0€-6 --
Manua1l Shutdown 1.4E-6 1.2E-6 .-
MSIV Closure 7.4E-7 3.5E-7 -
055 of Feecdwater 2.0E-7 4 2t-8 -
Less of Conderser
Vacuur 3.2E-6 2.1E-6 .-
Loss of C“fsite Power 8, 9€-6 £, 7k.7 .o
108y 6.85.7 8.9€.8 .-
1.7€-5 5.9E-6
Large LQC2 .- €.9€-7 1.8E-7
Mecdiur LOCA .- 2. 7E-7 5.1E-7
Sma11 LOCA 2.1E-7 2.8£-8 1.5€-8
LOCA Qutside
Containmers -- 7.2€-9 -
Reactor Pressyre
Vessel LOCA -- - 3.1E-
Z.1E-7 9.5t-7 1.0t~
ATWS: -Jr
Turbine Trip 1.2E-6 - 8.5E-10
MSIV Closure/Loss of
Condenser Vacyur 8.0E-7 .- 7.5E-10
Loss of Offsite Power 7.1E-8 - --
[0RYV - 1.7€6-7 ve -
Loss of Fw 1.8E-6 - 2.1E-9
4 0E-6 3.7E-9

JRH]
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The plant configuration and the unique mitigation features available at the
restricted 5% power level are judged to impact many of the dominant accidens
sequences in a similar manner. Many of the initiators described in the PR: can
be combined in thig analysis for the purposes of subsequent discussion,
Specifically, the initiator types are discussed in the following categories
since the power restriction of 5% has a similar impact on the resulting
postulated accident sequences;

1. Loss of Offsite Power

2. Loss of Coolant Accidents
3.  Cther Transients

4, ATwS

Tabie 2-2 s a reduced version of Table 2-1 presanted in terms of these four
gereralizec types of postulated scenario initiaters, The Quantification ang
discussion in Section 2 is divided according to these gereralized "initiater

types”. The essence of this slight charge in focus results fror the followirs
consiceratiors:

e LOng term contzinment heat removal (Class I1) accident sequences whicr
are calcu’ated to be of low frecuency in the Shorehar PRA are founc te

be significantly smaller in frequency for the start-up testing mode o
operation at Shoreham,

© The interfacing LOCA sequences (Class V) are very low freguercy
sequences and not a dominant contributor tc the core vulnerable
frequency,

0 The character of the LOSP sequences and the interest in the
sensitivity of the results to installed diesel generator reliability
has elevated their potential importance during the low power startup

“.  phase.

.21
JRK]

|
{



TABLE 2-2

OOMINAKT ACCIDENT SEQUENCE FREQUENCIES AT 100% POWER
(PER REACTOR YEAR) BY INITIATOR TYPE

| CLASS , CLASS | CLASS | CLASS | CLASS | sequence |
Event Initiator Type l Il , I11 Iv v TOTALS

0ss of 0f¢site Power 9.9€-6 ‘ 5.7€-7 | .- - - 1.0£-5 |

LOCAS | A7 9.9E-7 | 106 | 3.76-8 | 3.66-8 | 2366 |

Otner Transients | 1.BE-3 ’ 6.4E-6 | .- 2.8E-8 | - | 2.4.5 }

ATWS | e.0e-6 3.76-9 | 1,465 | .. 1.8E-5 |

l | | A |

: | i | i

TOTAL _3.26-5 | 8.QE-6 | 1.06-6 | 1.46-5 | 3 6.8 §.46-8 |

JRM] 2.



3.0 LOW POWER RISK EVALUATION

The focus of this section is to quantify the probabilistic models of the
Shoreham plant [3-1] in order to assess the frequency of core vulneratle
conditions when operating at the 5° power level. This quantification i¢ basec
upon the PRA logic models and uses mary of the groundrules established there.
The analysis given here 15 directly consistent with the PRA Quantification an¢
therefore a‘fords a relative "risk" (i.e., frequency of core vulnerable
compariscr betweer full power operation anc the restricted power level cases.
The evaluetion of core vulnerable conditions is based or a point estimate
equilibrium operating value of approximately 5% of £yl power. Since the
intended use of the low power testing is to restrict the power leve! t5 below
8., the anticipated equilibrium power level for characterizing the potensisl
decay hea: levels may be closer to an effective 2.5° power due to power cycling
for training arc testing. However, there may also be some uncertainty in the
calibratior of the power level. Therefore, it is Judgec prudent tc perforr the
base calculations assuming a power level of 5% and report the sensitivity cf the
power leve! changes to approximately 2.5° power in Appendix E.

Previous NRC investigations {3-2, 3-3) have indicated that, in general, the risk
to the public and the frequency of potential core vulnerable conditions are
considerably lower for low power operation than the estimates calculated in the
Shorehar PRA and other PRAs for normal full power operation. The Shoreram
specific analysis performed here documerts evaluations similar to those
performed by the NRC (3=2, 3-3) on a plant specific basis for Shorenam, Tne
Shoreham PRA s ysed as the baseline analysis to establish the relative "righ"
and core vulnerable frequency for normal power operatior. In additiorn to the
congitions which may exist during normal operation, this analysis corsiders
several variations in assessed initial plant configuration. The prircipal
change in the initial plant configuration which is examined s the availabilis, |
of the installed diese! generators and alternative backup methods for obtaining
AC power restoration. Because this change has the strongest effect on the
postulated Loss of Offsite Power (LOSP) initfators and since the resultirg
Sequences are among the largest contributors to the frequency of core vulnerab e
conditions, these sequences are examined separately,

o3
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Section 3 addresses the quantification of +*he four generalized types of
initiators:

LOSP (Class I) - Section 3.1

LOCA (Class I & III) - Section 3.2
Transierts (Class 1 & II) - Section 3.3
ATWS (Class 1 8 IV) Section - 3.4

O © o »

3.1 LOSS OF OFF-SITE POWER INITIATOR

The LOSP initiator represents a unique accident challenge since it causes the
uravailability of the normal system used to supply coolant makeup and
containmert heat removal. This section s structyred to discuss severa!l
pessible veriations in the scerario and in the plant configuration, As such, it
1s important to estimate the timing of LOSP sequences with respect to key plant
parameters. The following discussion is based on the deterministic recylts
obtained in Appencix B which are also summarized in Section 3.1.2.

The cortainment conditions during LOSP initiated scenarios fror below 5° power
will be substantfally less severe than the containment conditions caleulatec for
sequences criginating from 100 power, As an example, one of the previcusly
fdertifiec clart conditions which may contribute to the RCIC ana WPCI fa‘lure
probability 1s the potentially high suppression pool tempera‘ure” anga
cortainment pressure (RCIC)*™ which may occur within 7 to 10 hours followirs; a
station blackout from ful) power. The analysis reported in Appendix 8 shows

that such adverse conditions are not expected to occur for many hours beyorc

these estimates, Thus, the limiting sequence fnvelvirg plant recovery actiors

1nxnlxga_a_ig11_n£»cnnlggg~1gigg31on following LOSP, unrelated to containment

conditions, o

] Failyres of HPCI and RCIC lubrication cooling are postulated if suppression
pool temperatures are high and pump suction is from the suppresionr poo!,

v Very high containment pressures in the range of containment design pressure
could result in protective trip actuation on RCIC.
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To provide a perspective on the LOSP evaluation, LOSP from high initial reactor |
power coupled with failures of coolant injection systems are found to present
potential core vulnerable conditions within 30 minutes to 1 hour, However,
similar cases of LOSP at 5 power are found to present potential core vulnerable |
conditions only at times greater than 3 hours, 3ndjnzis_gggx_ggggil_:ﬁ_ﬁjmcs
greater than 3C hours. From 5555—32;353327;:. 1t can be seen that the 5° power
restriction sharply increases the time available for operating staff actions to
estab’ish success‘ul coolart injection and AC power restoration.

A detziled event tree analysis 1s performed to identify the princips’
contributors to potential core vulnerable sftuations, given the following
tnitia’l conditions:

LCSP initiator,

Initial power 5.0° for over 20 days.

Installed diese! generators assumec ynravailable; sersitivity studies
have 21so been performed to provide a more realistic estimate s+
on-site AC power reliability,

On-site, black start gas turbine is available with a reliabilicy
developed from machine spectfic data.

Agcitional temporary on-site AC Power enhancemerts inclucing:

portatle diese! generators which can be rarually switched
the 4160V AC power system in the event of & station blackous.

resirictions on reactor power operation in the event of severe
weather warnings, ¢.9., hurricanes or tornado,
Figuro‘ 3.1 (a,b,c,d,e,f) is the LOSP event tree used in the evaluation
potertial core wvulnerable conditions from Tow power. The event tree
constrained to the delineation of a relatively small number of sequences
order to simplify the presentation. The evaluation of LOSP sequences 1s

.25.
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fterative process because of the time dependence of recovery events., In other
words, the probability of a specific sequence depends strongly on the associated
sequence timing, while, at the same time sequence timing is calculated for the
most probable seauence variations. As a8 result, Figure 3.1 and the
corresponding calculations in Appendix B are developed in parallel, Figure
3.1 consists of a screeninc event tree (Figure 3.1a) that is used to define &
groups of sequences each with its own similar timing. Each groupine ¢
sequences is then modeled or a subseguent event tree (Figure 3.1b,c,d,e,f) using
the results of Appendix B as a basis for estimating event probabilities. Thus,
tire depencent effects are not sequentially mapped out on the initial ever:
tree, but are Judgementally included in estimeting of failyre probabilities.

The functional events in the LOSP event tree snown in Figure 3.12 are discussec
below,

3

Initiating Event (T): The quantification of the LOSP fnitiating frecuercy s
basec upon LILCO grid specific data and is consistent with the original Shorerar
PRA (see also Appendix A),

Scrar (C): The scram syster reliability is taken from the Shoreham PRA whick
in turn used a point estimate value from the NRC (NUREG-0460). The value showr
tn Figure 3.1 is the mechanical common mode failure probability of the cansre)
rods to insert. Note that, consistent with the higher failure rates assumed for
tre wear-in period of plant operation, this failure probability mas beer
increasec by 100°.. The electrical common mode failure probability g similar te
thet in the Shoreham PRA an¢ has been shown to lead to a significantly lower
frequency of core vulnerable since LILCO has incorporated a Dackup electrical
scram system (ARI) in the Shoreham design,

Primary System Integrity (P): One of the important parameters in the plane
response to a transient from low power is the ability to maintain the primary
System, integrity. If dintegrity is maintained, coolant 1s 1lost only by
Intermittant SRV actuation and the calculated time to a core vuinerable
congition 15 extremely long, f.e., greater than 30 hours. HMowever, if thre
Feactor 1s depressurized through an SORV or LOCA condition, then the time to
COre uncovery and reactor fue! heatup fs substantially less, 1.e., approximately
«26-
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2 hours. The quantification of the conditiona!l probability of an SORV or LOCA
s based upon the following:

0 SORvV
= A single challenge to the firss bank of SRvs,

- The failyre probability of the SRVs from the Shorehar PRA (3-1:
increased by 100" to account for the wear-in period of operatior,

- The operator action to prevent SRV cycling through running of the
turdine driven systems (MPCI or RCIC) or opening @ single SF,
rarually, The use of the turbine driven systems is Judged tne
preferred course of action and s an integra) part of the.
operator training, .

¢ LOCA: the conditional prodability of a small LOCA incuced during the
less of offsite power, including rectrculation Purp seal failyres 1g
included in the estimate of fatlure of primary Syster integrity,

The result of this eva'uation 'S an estimate of the corgitional predability of
fatlure of primary system integrity of .03/event,

Migh Pressure Coolart Infection (U): The Shorehar plars has the capabtligy -
provide coolant injection without AC Power through the MPLI an¢ RCIC turdine
dariven systems, |I¢ °"!_9fﬁiﬁ!mt“'°'”' driven systems 1s uv.j‘cb'o to provige
the initial coolant fnjection following & scram. then the time to & zore
vulnerable condition 1 substartially increased. The calculations summarizes in
Appendix B indicate that the time avatlable prior to core uncovery following one
cycle of WPCI/RCIC operation can be _on the grder of 3 days deperding uper the |
operator response regarding reactor depressurization (See delow),

Adequate coolant inventory makeup using the turbine driven systems may be
required under a variety of conditions 1f & station blackout were to occur,
Figure 3.1a separates out the principal types of challenges as fo)lows:

.J,.
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The primary system integrity intact; coolant injection available
through at least 10 hours.

The primary system integrity intact; coolant makeup available
initfally,

avatlable,

Tzz ks
Type 2:
Type 2. A breach of primary system integrity, no coolant makeyp
Type & A breach of primery system integrity; coolant makeup initially
available,

Type §:  No initial coolant makeup and procedura’ depressurization,

In a manner analogous to the Shoreham PRA full power analysis, zoolant injection
dvailability has been treated in a time dependent fashion., This time dependency
arises from the potential for time dependert failure modes inducee by such
occurrences as battery drainage or high room temperatures. Therefore, Figure
3.1a prevides two coolant injection phases U' (0-4 hours) and U (4-10 hours).
The quantification of the success probability at each of these sites 1s similar
to that of the full power PRA with the exception that the Syster avatlabilities
Rave been decreased due to the wear-in effects discussed in Section 3.3, It

shoulc be pointed out that LILCO anﬂﬁMﬁ performed to show that

e e ———

LTI mumn_mmmmg_:s__coe'm Injection for more thar 2¢
hours with proper DC 10ad stripping from the batterfes (3-4]. Therefore, thig
Possibility mas been in.luded in the analysis 1n a prodabilistic fashion,

Situations requir function erly in time
involve cases with a SORV or LOCA, If N!F}‘ 18 Initially avatlable to provice
Loolant injection, but fail nt_demands, then the reactor coo!ar:

Inventory will be adequate for at least 30 hours. 1f NBCI ang RCIC are

i —
S ——

Re1c s marginal for this task because depressurization occurs sufficiently
rapidly to preclude ddequate coolant injection, however more detailes
calculations could show fts Capability 1s adequate also.

- «34.



unavailable to provide this initial injection, then the time to potential core
vulnerable conditions is calculated to be as low as 3 hours.

Another postulated condition is that associated with a failure to scrar
following LOSP. For such situations the MSIVs wil) close and the SRVs will oper
to remove the power being generated. There s no substantial effect of an S0PV
on HPCI/RCIC availability; rather, it is postulated to result in a stable
reduced reactor pressure (i.e., 350-400 psia). Under such conditions, the higr
pressure coolant injection system (MPCI! and RCIC) would be reguired to provicge
coclart makeup in a relatively short period of time. It 1s found that RC::
elore is prodably acceptable for maintaining adequate coolant injecticr -
however, 1t 1s not given credit in this analysis, Therefore, if WPI! i
unavaitlable it 1s judged that core vulnerable conditions would oceur withir 3
hours. If WPl is successfy! th;;ﬂzsgfinf~7336Ei?Bﬁ"?;6'3;“;ijzi;fnza-jzv ar
}xtonded pericd of time, which '1s limited by the interaction betweer the
containment response and the WPC! system capadility, The time to reack an
elevated suppression poo! temperature, 1i.e., approximately 240°F is more thar
34 hours,

In agdisior, there 1s a feeddack mechanism which myust be accounted for: by
procecure the operator 1§ directed to decressurize the reactor (less thas
100°F/nr), A result of thig cepressurization process may be to defeat the Wi:'
ang RCIC systers. This 1s modeled in the event tree as function 7 ¢iscusses
below.

Peactor Depressurization (2,X): The status of reactor pressure is important to
the scerario development because:

L. fDepressurization of the reactor will result in & loss of coolant
inventory,

& Depressurization May also occur to such an extent as to disadle botn
MPC! ang RCIC,

3. Accigent sequerce timing during & station blackout is strong'y
dependent on the rate at which RPY coolant 13 discharged,

«35.
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Because of these important considerations, the event tree (Figure 3.1a) includes
two functional events for depressurization:

I: This event represents a rapid emergency depressurization equivalent o
ADS actuation. While the operator is warned to avoid this, it has
such an important influence on the course of the postulated sequence
85 to require separate consideration. The impact of rapid
depressurization (ADS) s to uncover the core and defeat HWPC! ang
RCIC. This has the effect of reducing the time  available to recover
AC power. (It appears that it might even be prudert to disable ANS
during start-up testing.)

X:  This event reflects the required procedura) step of controlles
depressurization following a station blackout (less than 100°F mr),
The character of the controlled blowdown is such that WPC! am¢ RCIC
can be maintained as viable coclant injection sources. Therefore, the
reason for considering this functiona! event 1s only to assess the
cases where the MWPCI/RCIC may fai). In such cases, the cocl